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PREFACE. 


He who engages in the labour of abridgement ought to feel that it is 
a self-imposed task, for the successful performance even of which he will 
not always be requited by the gratitude of those for whose benefit it 
was undertaken. It is not enough that he is faithful to his original, 
and that, while preserving its continuity of narrative and clescription, he 
retains all that is relevant in facts and valuable in doctrines; thus giving, 
in reduced dimensions, the characteristic features which were spread 
out with fatiguing amplification in the large work. Expectation will 
still go beyond ability; and, after all his conscientious pains-taking, he 
must be prepared to hear of omissions charitably imputed to him as 
negligences, and of compression complained of as obscurity. Many 
who never read the original, and who would have been repelled by its 
length and perplexing details, some who knew nothing at all antecedently 
of its character, will affect a sudden critical illumination, and with an 
oracular shrug whisper a wish that it had been spread out before them 
entire. 

If from timidity, or want of entire conviction of the propriety of 
undertaking to abridge Muller’s great work on Physiology, it were 
deemed necessary to invoke the sanction of authority, the editor of the 
present volume might refer to one eminent teacher,* who advised the 
measure, and to anothert who gave it his ready approval. The editor, 
himself, felt assured, from an experience of many years teaching Phy¬ 
siology, as part of and in connection with the Institutes of Medicine, 
that the work of Muller in its entireness, however admirably calculated 
it may be to furnish information to the writer and lecturer, is not 
adapted to the wants, nor can it come within the requirements of the 
student of medicine. It is a vast repertory of facts and opinions in 
physiological science, but it bewilders the inexperienced votary by its 
very extent; and he who has gone over it without halt or pause, or, 
indeed, at all, may well speak, as even the indefatigable German student 
himself is said to do, of his having performed a feat. 


A* 


* Dr. Horner. 


f Dr. Jackson. 
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In arranging the volume now offered to American readers, from the 
materials furnished in Muller'’s Elements of Physiology, the editor has 
endeavoured to procure reduction in size of this latter, without any ab¬ 
straction of its vitality and mind. With this view he has omitted, for the 
most part, mere disquisitions, many details of experiments, matters of 
physics and natural philosophy, including mechanics under the head of 
locomotion, acoustics and the theories of music under voice and hear¬ 
ing, and of optics under vision,—much of the minutias of comparative 
physiology, and metaphysics or metaphysico-physiology. But, while ex¬ 
cluding details on collateral topics, the editor has been particularly careful 
to preserve physiology proper, which, resting on the basis of histogeny 
and general anatomy, derives important aid from organic chemistry and 
microscopical observations, and, in its turn, serves to illustrate hygiene, 
pathology and therapeutics. Thus aided and thus applied, in the man¬ 
ner exhibited by Muller himself, physiology will invite the attention of 
the student in these pages. 

It will soon be discovered that, although this volume is an abridgement 
of the large work of Muller, it may rightfully claim to be considered 
a complete system of physiology, exceeding in copiousness and com¬ 
prehensive details, any other work on the same subject, which has yet 
emanated from the London press. 

Ample apology for the exclusion of topics merely collateral, which 
are taught and explained in separate and appropriate works, is fur¬ 
nished by the author himself, as indeed by other physiologists of dis¬ 
tinction, in his purposely omitting to describe the details of the struc¬ 
ture of each organ. Pie very properly refers the student for these 
matters to books of special anatomy. With still greater propriety 
should a similar reference be made when questions on the theories of 
light and colours, and of acoustics, &c. are under notice. If a mode¬ 
rate acquaintance with chemistry is supposed to be possessed by the 
student of Physiology, ought we not ti fortiori to presume that he 
is not ignorant of, or at least can soon acquire, a sufficient knowledge 
of optics, acoustics and mechanics, to follow his author and to under¬ 
stand the allusions to various points included in these branches of 
science? 

The reduction has not been after a uniform scale or rule of definite pro¬ 
portion. In some parts of the ‘Elements,’ comparatively little abbrevia¬ 
tion has been attempted;—as in the prolegomena of general physiology, 
which is a carefully condensed summary of the subjects embraced 
under the general head, and does not admit, without obscurity, of any 
material curtailment. So, likewise, in the case of the functions of organic 
life, those of assimilation, nutrition and decomposition, much of the 
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copiousness of facts and illustrations which constitutes so distinguish¬ 
ing a merit in the larger work, has been retained in the abridge¬ 
ment. In the latter, as in the former, the student will find those 
wonderful revelations in histogeny which make an era in the his¬ 
tory of physiology, and which, although the last discovered, must, 
henceforth, be regarded as essential preliminaries to future descrip¬ 
tions of tissues and organic functions. In these pages, the student 
will become acquainted with the results of the discoveries and ob¬ 
servations of Schleiden, Schwann and Valentin on the formation of 
the most different elementary tissues of plants and animals, by the 
development of primitive or nucleated cells out of structureless or 
unformed gummy and mucous substances,—and of Barry and others on 
embryology, showing a similar development of various tissues and 
organs from the ovum, quickened into vital activity by the stimulus of 
spermatozoa, and growing by the evolution from and addition to its own 
primitive one, of fresh cells. Similar nucleated cells are found to exist 
in or rather to make up the globules of the blood, and are readily 
evolved from coagulated fibrin; proving this fluid to be, conformably 
with long observation, the formative and vitalizing one. From these 
facts, in perfect harmony with each other, we are able at last to deduce 
a general theory of vegetation and organisation. 

So important are the new views of histogeny, that it has been thought 
advisable to transfer the chapter containing them from the end of the 
large work, where it was placed, to the beginning of Special Phy¬ 
siology in the present volume. In natural relation to the subject of the 
original formation of the tissues, is that of their regeneration or repro¬ 
duction, with or without inflammation, and, on this account, the descrip¬ 
tion of the latter is removed from the place which it occupied to that 
immediately following histogeny. Another deviation from the arrange¬ 
ment of the author will be found in bringing in the chapters on Diges¬ 
tion immediately after those on Respiration, in place of letting them 
remain after Nutrition and Secretion; and in making the chapters on 
Secretion precede those on Nutrition and Growth, rather than allow 
them to follow, as they do in the original. The progressive order of 
the changes to which aliment is subjected, from its introduction into 
the stomach to its conversion into blood, and the consequent metamor¬ 
phosis of this fluid into secretions and matters for nutritive deposit 
and the growth of the tissues, are exhibited better in the modified than 
in the original arrangement. 

A few notes at the foot, and some paragraphs in the body, of the 
page, have been added by the editor, who did not 'feel himself free to 
do much in this way, when his office was to abbreviate and arrange. 
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His additions are designated by the letter (a). More numerous and im¬ 
portant are the additions made by the translator, some of which furnish 
corroborative facts and references to the text, and occasionally qualify 
the propositions advanced in it. Distinct mention has not always been 
made in this volume of the contributions of Dr. Baly, nor could they, 
it was feared, without embarrassing the reader, be distinguished in this 
as they are in the London edition, by circumflex marks, [ ^ ]. But it 
would be ungrateful to let the occasion pass without acknowledgments 
to that gentleman for the good, healthy English into which, for the most 
part, he has rendered the German original. 

With the exceptions just stated, not only his manner of treating the 
various subjects, but the language of the author, has been preserved 
throughout; and hence, when it shall be discovered, as it readily may, 
by a comparison of the contents and index with those of the London 
edition, that there is scarcely a fact or proposition in human physiology, 
and none of either applied to hygiene, pathology or therapeutics, in the 
original work, as translated by Dr. Baly, that is not met with in the 
present volume, it will not be considered too much to say, that this 
latter contains emphatically Muller’s “Elements of Physiology,” with 
nearly all the characteristics which give it value in the eyes of the 
student. So earnest has been the desire of the editor to complete 
in a suitable manner his arrangement of the work, that he has re¬ 
tained nearly all the bibliography, which manifests the extensive 
reading and research, as well as love of accuracy, of the author. Not 
only did this measure seem to be due to Muller himself, but also to 
his readers in this country, the latter of whom will have it in their power, 
when quoting Muller, to repeat his references to all the authors on every 
leading question in physiology, and to carry out, if they desire it, an 
independent course of inquiry for themselves. 
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PROLEGOMENA 

ON GENERAL PHYSIOLOGY. 


Physiology is the science which treats of the properties of 
organic bodies, animal and vegetable, of the phenomena they 
present, and of the laws which govern their actions. Inorganic 
substances are the objects of other sciences,—physics and che¬ 
mistry. 

In entering upon the study of physiology, the first point to be 
ascertained regards the distinctions between these two great classes 
of bodies—the organic and the inorganic,—and the following ques¬ 
tions suggest themselves for discussion:—Do organic and inor¬ 
ganic substances differ in their material composition? and if the 
phenomena presented by them are obviously different, are the 
forces or principles on which these phenomena depend, also dif¬ 
ferent; or are the forces which give rise to the phenomena of the 
organic kingdom merely modifications of those which produce 
physical and chemical actions? 

1. OF ORGANIC MATTER. 

Nothing analogous to sensation, nutrition, or generation, is ob¬ 
served in inanimate nature, and nevertheless the matter which 
composes organic bodies consists of precisely the same elements as 
inorganic matter. In examining the composition of organic bo¬ 
dies, it is true, we meet with substances—the proximate princi¬ 
ples, or prmcipes immediafs —which are peculiar to them, and 
cannot be produced artificially by any chemical process; such are 
fibrin, albumen, gelatin, &c. But all these substances may be re¬ 
duced by chemical analysis to the same simple elements which 
constitute minerals. Of these simple substances, all entering into 
the composition of inorganic bodies, there are fifty-two. In or¬ 
ganic bodies there have been discovered but eighteen. 

The elementary substances which are met with in plants are:— 

1. Carbon, 1 

2. Oxygen, > their most essential components. 

3. Hydrogen, ^ 

4. Nitrogen, found less frequently. 

5. Phosphorus, i . . principally in vegetable albumen and gums, especially in 

6. Sulphur, ^ the telradynamia, combined with nitrogen. 

7. Potassium, . . almost universally. 

8. Sodium, , . principally in marine plants. 
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9. Calcium, . • almost universally. 

]0. Aluminium, . . rarely. 

11. Silicium, 

12. Magnesium, oceurring rarely. 

] 4 : 

15. Chlorine. 

17* ^r*omlne ( oecurring in marine plants. 


The same substances, with the exception of aluminium, are met 
with likewise in the animal kingdom. Here sodium is more fre¬ 
quent, potassium less frequent than in plants; iodine and bromine 
occur in some marine animals. 


In man and the higher animals the components are:— 


1. Oxygen, 

2. Hydrogen, 

3. Carbon, 


4. Nitrogen, 

5. Sulphur, 

6. Phosphorus, 

7. Chlorine, 

8. Fluorine, 

9. Potassium, 

10. Sodium, 

11. Calcium, 


12. Magnesium, 

13. Manganese, 

14. Silicium, 


15. Iron, 


met with principally in the hair, albumen, and brain. 

. . . . in the bones, teeth, and brain. 

. . . . in the teeth and bones. 

found in the hair. 

. . in the blood, pigmentum nigrum, and crystalline lens. 


Copper also has been found by Meissner, and more recently by 
Sarzeau* in plants. Beecher asserts that he has found gold also 
m the ashes of tamarinds.t 

The number of the elements which enter into their composition, 
constitutes, then, the first difference between organic and inor¬ 
ganic bodies. All the elementary substances found in the inor¬ 
ganic kingdom do not enter into the composition of organic bodies; 
and some are even inimical to their life. 

The mode in which the elements are combined forms a second 
distinguishing character; and the peculiarity of organic matter 
depends probably on the following circumstances, first pointed out 
by Berzelius and Fourcroy;— 

1. In mineral substances the elements are always combined in a 
binary manner; thus, two elementary substances unite together, 
and this binary compound unites again with another simple sub¬ 
stance, or with another binary compound. For example, carbo¬ 
nate of ammonia is constituted of carbon, oxygen, hydrogen, and 
nitrogen, combined as follows:— 


Carbon, 

Oxygen, 

Hydrogen 

Nitrogen, 


1 


unite to form carbonic acid. 



ammonia, 


which again unite to form carbonate 
of ammonia. 


* Ann. de Chem. et de Physique, xliv. 334. 

f Tiedemann’s Physiology, translated, with notes, by Drs. James Manby 
Gulley, and J. Hunter Lane, p. 6. 
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In minerals the elementary substances are never observed to 
combine three or four together, so as to form a compound in which 
each element is equally united with all the others. This, however, 
is the case in organic bodies. Oxygen, hydrogen, carbon, and 
nitrogen, the same elements which by binary combination formed 
inorganic substances, unite together, each with all the others, and 
form the peculiar proximate principles of organic beings. These 
compounds are termed ternary, or quaternary, according to the 
number of elements composing them. Vegetable mucus, starch, 
and adipose matter are ternary compounds of oxygen, carbon, and 
hydrogen: gum, albumen, fibrin, animal mucus, and resin are qua¬ 
ternary compounds, their fourth ingredient being nitrogen.(«) 

A doubt has recently been thrown upon this theory of the com¬ 
position of organic substances; but there is still great probability in 
its favour, more particularly with reference to the higher organic 
compounds, such as albumen, fibrin, &c. Though it is certainly 
true that there are products formed from organic matter, which 
have a binary constitution; such, for example, is alcohol, which is 
a compound of ether and water. 

It must at any rate, however, be admitted, that the mode in 
which the ultimate elements are combined in organic bodies, as 
well as the energies by which the combination is effected, are very 
peculiar; for, although they may be reduced by analysis to their 
ultimate elements, they cannot be regenerated by any chemical 
process. Berard, Proust, Dobereiner, and Hatchett believe, indeed, 
that they have succeeded in producing organic compounds by artifi¬ 
cial processes; but their results have not been sufficiently confirmed. 
Woehler’s experiments afford the only trustworthy instances of the 
artificial formation of these substances; as in his procuring urea and 
oxalic acid artificially. Urea, however, can be scarcely considered 
as organic matter, being rather an excretion than a component of 
the animal body. In the mode of combination of its elements it 
has not perhaps the characteristic properties of organic products. 

2. Another essential distinction pointed out by Berzelius is, that 
in organic products the combining proportions of their elements do 
not observe a simple arithmetical ratio. Thus, for example, among 
the large number of different fatty matters which Chevreul has 

(a) It is now ascertained that albumen, fibrin and casein, although they differ 
in external character, contain exactly the same proportion of organic elements. 
Each of them furnishes by solution in caustic potash and, after decomposition has 
begun, by subsequent precipitation by acetic acid a gelatinous translucent pre¬ 
cipitate. This has exactly the same characters and composition, from whichever 
of the above three substances above mentioned it has been obtained. It has been 
called by Mulder, its discoverer, proteine, who found that it contains the same 
organic elements, and exactly in the same proportion, as the animal matters from 
which it is prepared. Mulder further ascertained, that the insoluble nitrogen- 
ized constituent of wheat flour (vegetable fibrin) when treated with potash, yields 
the very same product, proteine; and it has recently been proved that vegetable 
albumen and casein are acted on by potash precisely as animal albumen and 
casein are.— Liebig—JLnimal Chemistry, 
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examined, many, according to his experiments, differ only by 
fractional parts in the numerical proportions of their atoms. 

3. Organic bodies, animal and vegetable, consist chiefly of com¬ 
bustible matter, which, except in the acids, is constituted of carbon 
and hydrogen, combined with oxygen in quantity not suflicient to 
saturate the other elements.* 

Their tendency to decomposition .—The matter forming organic 
bodies has a constant tendency to undergo decomposition; it is 
only the continuance of life which preserves it: even during life 
the balance which maintains its elements in their peculiar combi¬ 
nation, may be destroyed by the agency of certain simple inorganic 
bodies, or binary compounds of these, as we witness in the cauteri¬ 
sation of parts of the living body. At some period or other, this 
change necessarily ensues spontaneously in every living being; the 
state or influence which maintains the elements in their peculiar 
combinations becomes more and more feeble, and is, at length, no 
longer able to counteract the tendency of these elements to form 
binary compounds among themselves and with other simple sub¬ 
stances in the atmosphere around them. Organic matter is thus 
annihilated, and with it the organized being of which it formed 
part. In ceasing to present the phenomena of life, it falls under 
the influence of the laws which govern the formation of chemical 
compounds; presenting the phenomena of fermentation and putre¬ 
faction, and giving origin to a foul smell when the substance con¬ 
tained much nitrogen. Chemical compounds, we know, are regu¬ 
lated by the intrinsic properties and the elective affinity of the 
substances uniting to form them; in organic bodies, on the contrary, 
the power which induces and maintains the combination of their 
elements does not consist in the intrinsic properties of these elements, 
but something else, which not only counteracts their affinities, but 
effects combinations conformably to laws of its own operation. 
Light, heat, and electricity, it is true, influence the compositions 
and decompositions going on in organic bodies; as they do those in 
inorganic bodies; but nothing justifies us in regarding, without fur¬ 
ther inquiry, any one of the imponderables,—heat, light, and elec¬ 
tricity,—as the ultimate cause of vital actions. 

After the cessation of life, organic substances always undergo 
decomposition, if the conditions necessary for the exertion of 
chemical affinity are present. The products of this decomposition 
are nitrogen and hydrogen, (which partly escape in a free state,) 
water, carbonic acid, carburetted hydrogen, olefiant gas,ammonia, 
cyanogen, prussic acid, phosphuretted hydrogen, and hydrosul- 
phuric acid; while in some cases the elements reunite in different 
proportions so as to form a new organic compound, as in the pro¬ 
duction of sugar from starch in the saccharine fermentation. 


♦ These distinctive characters of organic matter will be found more fully 
detailed by Berzelius and Gmelin, in their classical text-books of chemistry, and 
by Weber in his fourth edition of Hildebrandt’s Anatomie des Menschen, vol. i. 
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Sometimes from one organic substance two new compounds are 
generated,—one organic, the other inorganic,—as in vinous fer¬ 
mentation, during which carbonic acid and alcohol are formed from 
sugar. Decomposition does not commence in the bodies of animals 
and plants immediately after their death. This Gmelin explains, 
by supposing that the conditions necessary for the exertion of elec¬ 
tive affinity are not then present, just as several inorganic sub¬ 
stances require a certain temperature for their decomposition.* 

The conditions more or less necessary for the spontaneous de¬ 
composition of organic matter, are moisture, the access of atmo¬ 
spheric air, and a certain temperature. The first is absolutely 
necessary: organic substances when perfectly dry, do not undergo 
decomposition at the ordinary temperature of the atmosphere. 
Air is also often necessary, but not always: moist animal tissues 
suffer decomposition even when atmospheric air is excluded, (for 
example, by immersion in fluid mercury,) although the presence 
of air facilitates putrefaction in the highest degree, even more than 
oxygen alone. A certain temperature is always necessary. 

The gaseous products of the decomposition of animal matter, 
and of the human body in particular, are carbonic acid, some¬ 
times nitrogen, hydrogen, sulphuretted hydrogen, phosphuretted 
hydrogen, and ammonia. Acetic acid is also formed, and some¬ 
times nitric acid. The solid matter that remains, consists of the 
carbonaceous substances, which decompose more slowly, and of 
the fixed mineral ingredients, earths, oxides, and salts, which with 
the carbonaceous substances form the soil {htimus.)\ Several parts 
of the bodies of man and animals immersed in water, or buried in 
certain situations, even without the access of water, undergo a 
peculiar change in their being converted into a substance, named 
adipocire. Berzelius is of opinion, that the fibrin, albumen, and 
colouring matter of the blood, as well as the adipose matter, may 
be converted into this substance; while Gay Lussac and Chevreul 
state that the fat, which can be extracted from fresh animal tex¬ 
tures by chemical processes, equals in quantity the adipocire gene¬ 
rated by putrefaction in water, and they infer, therefore, that the 
fat merely is converted into adipocire, while the other tissues are 
destroyed. 

State in tvhich mineral components exist in organic bodies. 
—The proportions in which the oxygen, hydrogen, carbon, and 
nitrogen are combined, seem to constitute the chief differences in 
the composition of organic substances. The organic compounds 
of these elements especially, are ternary and quaternary, not 
binary. In what state the less abundant mineral ingredients exist 
in organic bodies,—whether they likewise enter into the forma¬ 
tion of ternary or quaternary compounds, or are merely mingled 
with them in the binary form,—is an important question which 


2* 


* Gmelin, Chemie, vol. iii. p. 9. 


f See Weber, loc. cit. vol. i. p. 70. 
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cannot at present be determined. Englehardt has ascertained 
that the mineral ingredients can be separated from a watery solu¬ 
tion of the colouring matter of the blood, and other animal mat¬ 
ters, by means of chlorine. From this fact, and from the iron not 
being extracted by acids, Berzelius infers it to be probable that the 
iron in the blood is in the metallic state, not in that of oxide; as 
chlorine has a very strong affinity for metals, and not for oxides, 
for which acids on the other hand have a great affinity. Professor 
Henry Rose adduced some experiments which seemed to show 
that the iron was combined as an oxide with the animal matter, 
for instance, as an albuminate of the oxide; but Berzelius rejects 
this idea, for in that case the oxide ought to be extracted by acids 
from the blood as it is from artificially formed albuminate of iron. 
For further particulars on this point the reader is referred to the 
section on the Chemical Analysis of the Blood. 

Berzelius cannot decide in what form sulphur and phosphorus 
exist in animals; whether united with other simple substances in 
multiple organic compounds, or combined with the ternary com¬ 
pounds of other simple substances so as to form secondary binary 
compounds, or whether each of these substances, already in a 
binary form, is again combined with other substances. Vauquelin, 
by burning the fatty matter of the brain, obtained a cindery mass, 
which contained so much phosphoric acid, that this latter sub¬ 
stance by preventing the acces? of air arrested the combustion; on 
removing the phosphoric acid by means of water, the mass again 
burned for a time, until more acid was formed upon the surface. 
This cinder, therefore, says Berzelius,* must contain phosphorus 
in a fixed, not volatile state,—in a stale hitherto unknown in inor¬ 
ganic nature. 

Many circumstances, however, render it probable that several 
mineral substances exist in the animal body, in the binary form, as 
salts or oxides, either mixed or chemically combined with the 
animal matter. These circumstances are:—1, the appearance of 
minute microscopic crystals in the animal fluids simply evaporated; 
2. the proneness of the mineral substances contained in vegetable 
tissues to vary with the situation of the plants, which could not be 
the case if the mineral elements existed in them merely as elements 
of the organic compounds; 3. the facility with which salts, entering 
the blood accidentally, are separated from it with the urine; 4. 
that chlorine of sodium can, as Autenrieth remarks, be separated 
from solid animal matter by mere washing; 5. the state of the 
phosphate of lime in the bones. Professor E. H. Weber shows 
clearly, that the phosphate of lime of the bones does not exist in 
them as phosphorus, oxygen, and calcium; but that it is in the state 
of a salt combined—perhaps only mechanically mixed—with the 
cartilaginous substance, since madder {rubia tinciorum), which 
has a strong affinity for phosphate of lime, but none for lime or 


* Thierchemie, p. 17. 
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calcium, is attracted, during the process of nutrition, by the bones 
from the blood of an animal fed upon it. Moreover, several acids 
decompose the salt of lime contained in the bones, and extract it 
without altering the form or composition of the cartilaginous 
framework.* 

Excluding from consideration the substances which in individual 
cases may be the educt or product of chemical analysis, we may, 
with Professor Weber, recognise two classes of binary compounds, 
as forming part of the animal, and more particularly of the human 
body. 

The first class consists of binary compounds of mineral sub¬ 
stances only; such as phosphate of soda, phosphate of lime, phos¬ 
phate of magnesia, carbonate of soda, carbonate of lime, muriate 
of potash, muriate of soda, fluoride of calcium, silica, oxide of 
manganese, oxide of iron, and soda. 

In the second class are included binary compounds of organic 
with mineral or inorganic substances; such as the compound 
which the albumen is supposed to form with soda in the blood— 
albuminate of soda—and the salts of lactic acid—lactates of potash 
and soda. 

The simplest forms in which organic matter appears, are now 
to be considered. 

The first form is that of complete solution. There are many 
fluids containing organic matter, in which no visible molecules can 
be discovered; such, for instance, is the serum of blood until it is 
subjected to the influence of heat, galvanism, or different chemical 
agents. A part of the animal matter of the lymph and chyle is 
also in the state of solution. 

The second form is the state of softness which the solid organised 
tissues present, and which is peculiar to organic beings. The tis¬ 
sues derive their properties of extensibility and flexibility from the 
water, which constitutes four-fifths of their weight; although they 
cannot be said to be wet, and do not impart their water to other 
substances so as to moisten them. This water, as Berzelius re¬ 
marks, appears not to be chemically combined in them; for it is 
gradually given off by evaporation, and can be extracted at once 
by strong pressure between blotting-paper. When deprived of its 
water, animal matter becomes wholly insusceptible of vitality; 
except in the case of some of the lower animals, which, as well as 
some plants, revive when again moistened.t According to Chev- 
reul, pure water alone can reduce organized substances to this state 
of softness; although salt water, alcohol, ether, and oil are also 
imbibed by dry animal textures. Moist animal tissues, by virtue 
of their porosity, allow soluble matters, which come into contact 
with them, to be dissolved by the water which they contain, and 
which fills their pores; if the matters are already in solution, they 

* Weber, loc. cit. p. 318, 340. f Berzelius, Thierchemie, p. 7. 
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are imparted by their solutions to the water of the tissues. Gase¬ 
ous substances are taken up in the same way. Matters, also, 
which are contained in solution in one tissue, are rapidly imparled 
to other tissues which can dissolve them. The laws of the attrac¬ 
tion of substances in solution, the laws governing the uniform dis¬ 
tribution of miscible fluids, are therefore also applicable in the case 
of moist animal tissues.^ 

Organic substances are, during life, never crystallised, and the 
excreted matters of animals which are crystallizable, viz. urea, lithic 
acid, and some fatty matters, are never found crystallized in the 
living tissues, except in their diseased stales, although crystallized 
mineral substances are sometimes observed in the cells of plants. 

The organic matter frequently appears in the form of micro¬ 
scopic molecules. These organic molecules are observed some¬ 
times in fluids: such are the red particles of the blood which in 
man measure from 3 ^^^ to of an inch; the globules of the 

chyle which measure inch, according to Prevost and 

Dumas; and those of the saliva, which measure of o,n inch, 
according to Weber. The small bodies contained in the chyle, 
milk, and bile, are globular; those of the blood are, in mammalia, 
round, but flattened; and in birds, reptiles, amphibia, and fishes, 
oval as well as flattened. The blood corpuscules always consist of 
a nucleus inclosed in an outer envelope. The globules of coagu¬ 
lated albumen and fibrin are less distinct. Many of the tissues 
even of organized bodies, particularly of animals, appear to con¬ 
sist of molecules aggregated in the form of fibres, lamellae, and 
membranes. These molecules are most distinct in the brain, and 
in the embryo, for instance, in the germinal membrane of the 
ovum; in other tissues, it is by no means certain that the appear¬ 
ance of molecules, observed under the microscope, is not an illusion 
produced merely by inequalities of the surface. The opaque part 
of the germinal membrane in the ovum of the bird is evidently 
composed of globules of considerable size, which are visible with 
a simple lens, and are perfectly similar to the globules of the yolk; 
but even the vessels which are distributed through the germinal 
membrane are, according to my observations, formed of an incom¬ 
parably finer matter; as are also the central transparent part of the 
germinal membrane, the area pellucida, and the embryo itself. It 
appears, indeed, that the germinal membrane is formed by the 
attraction and aggregation of the globules of the yolk; but all the 
parts developed in this germinal membrane are produced by solu¬ 
tion of these globules, and conversion of them into a matter in 
which no elementary particles can be distinctly recognised, and of 
which the molecules must, at any rate, be beyond comparison more 
minute than the globules of the yolk and germinal membrane. 

The ultimate muscular fibre in the frog is from five to eight 

* See the observations on imbibition in the Section on Absorption by the 
capillaries. 
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times more minute than the red particles of its blood, and more 
minute even than the nuclei of these red particles; the thickness 
of the muscular fibre in the frog and in Mammalia is nearly the 
same, while the size of the red particles of the blood in the two is 
very different. The diameter of the ultimate nervous fibre in 
Mammalia is, according to ray observation, twice or three times 
less than that of their blood corpuscules, and is greater than that 
of the nuclei of the blood corpuscules. In the frog, the primitive 
nervous fibre has only gth the diameter of its blood corpuscules, 
and is therefore much smaller than the nucleus of the blood cor- 
puscule. I have not been able to satisfy myself that the nervous 
fibrils consist of globules arranged in a linear form. They cer¬ 
tainly present successive inequalities, but these inequalities are 
not regular. In fine, this theory of the composition of tissues by 
the aggregation of globules, which are supposed to be more than 
of ^ iioe in diameter, is rendered exceedingly improbable by 
the discovery of Ehrenberg, that monads, which themselves do not 
measure more than of ^ ^ioe, have compound organs. On 
account of the difficulty of distinguishing by the microscope be¬ 
tween inequalities and globules, this theory still remains a mere 
hypothesis. At any rate, the organic molecules are merely the 
most minute forms in which the compound organic matter ap¬ 
pears; they are not the atoms of the organic combination. The 
hypothesis that all the tissues of the animal body are, in their per¬ 
fect state, composed of globules aggregated together in different 
forms, is now known to be wholly incorrect. The nervous fibres, 
for instance, are delicate tubes of perfectly smooth and homo¬ 
geneous structure, enclosing a fine granular substance. The cel¬ 
lular tissue, when perfectly developed, consists of smooth cylin¬ 
drical fibres. The interesting discovery has been made, however, 
that most probably all tissues are originally developed from bodies 
of similar form, the primary or formative cells, as will be ex¬ 
plained hereafter. 

Source of organic matter .—It is only in organic bodies them¬ 
selves that the peculiar force which animates them is observed. 
It is manifested only in the organic compounds produced in these 
bodies; the mere accidental coming together of the elementary com¬ 
ponents is not capable of producing organic matter. Fray, it is true, 
asserts that he has observed the formation of microscopic Infusoria 
in pure water; and Gruithuisen says, that he has seen a gelatinous 
membrane form in infusions of granite, chalk, and marble, and in- 
fusory animalcules subsequently appear in this membrane. The 
fact observed by Retzius* is also remarkable; namely, that a pe¬ 
culiar kind of Conferva was generated in a solution of muriate of 
baryta in distilled water, which had been kept half a year in a 
bottle closed with a glass stopper. But, in these remarkable cases. 


♦ Froriep’s Notizen, v. 56. 
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it is certain that either the vessels, or the water, contained organic 
matter, however small may have been the quantity; and, according 
to the experiments of Schultze, the most minute particles of organic 
matter in the form of dust are sufficient, under favourable circum¬ 
stances, to produce the phenomena which have been regarded as 
instances of equivocal generation. 

Even animals themselves have not the power of generating 
organic matter out of simple inorganic elements or binary com¬ 
pounds, but grow by the assumption of matter already organized, 
whether animal or vegetable;—they have the power of preserving 
organic compounds and of converting one into another, but they 
cannot produce them. Plants, on the contrary, seem to be able 
not merely to assimilate the organic matter of animals and vege¬ 
tables; but also to generate it from simple elementary bodies and 
their compounds, such as carbonic acid and water, although the 
presence of some organic matter in the soil in which plants grow, 
is necessary. It seems impossible to deny this production, by plants, 
of organic matter from inorganic compounds; for, unless such 
were the case, the nutriment on the earth would be constantly de¬ 
creasing in quantity, since animal and vegetable matters are being 
incessantly converted by combustion, putrefaction, &c. into binary 
compounds. 

The organic matter formed by plants, or that contained in plants 
and animals, and modified by them, is capable of again forming a 
part of other living beings, when taken into them and subjected to 
their vital forces. In this manner all the organic matter which is 
spread over the surface of the earth, originates in living beings. 
Death, that is, the extinction of the power which produces and 
maintains organic compounds, annihilates the individual; while 
the organic matter which formed this individual, as long as it is 
not reduced to binary compounds, is still capable of receiving new 
life, or, in other words, of nourishing other living bodies. 

Equivocal generation .—The ordinary mode of production of 
organic beings is from others of the same species, by ova or shoots. 
But we must inquire, whether the organic matter left after the 
destruction of one living body can, under certain circumstances, 
generate living bodies of another kind; whether it is capable, not 
only of nourishing bodies already living, but also of continuing its 
own life in a modified form; whether, in fact, under certain con¬ 
ditions,—namely, under the influence of atmospheric air, water 
and light,—small microscopic animals, the Infusoria, and under 
other conditions the simplest plants, forming mould, are generated 
from this apparently dead organic matter. 

In a more extended sense the ancients, especially Aristotle, had 
admitted this equivocal generation, this spontaneous formation of 
animals; for they had an old tradition, that the lower animals, in¬ 
sects and worms, were generated during putrefaction. This opinion 
was still maintained among the other superstitions of natural his- 
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tory and medicine even in the seventeenth century. At that period 
Redi wrote his Experimenta circa Generationem Insectorum^^ 
in which he proved that all the instances of equivocal generation, 
which the older writers had adduced, were erroneous; that all these 
worms and insects were produced from ova which had been pre¬ 
viously deposited. His proofs were convincing, and from that 
time no well-informed naturalist believed in the fable of generation 
by putrefaction; so that the proverb « Omne vivum ex ozjo,” re¬ 
tained its force. Subsequently, however, Needham* pointed out, 
that although no insects are produced by putrefaction, yet that, 
during that process, minute microscopic animals, till then unknown, 
are generated. If water is poured over animal or vegetable sub¬ 
stances, and the infusion exposed to air and light at the usual tem¬ 
perature of summer, after a few days the organic matter will have 
undergone partial decomposition, being in part converted into 
other organic matters, partly reduced to globules, and in part dis¬ 
solved; and there will appear in it either mould, or those micro¬ 
scopic animals, in which Ehrenberg has discovered a very compli¬ 
cated organization. 

Since the time of Needham, our knowledge of this subject has 
been extended by the observations of Wrisberg, 0. F. Muller, 
Ingenhouss, G. R. Treviranus, Gruithuisen, and Schultze. 

If we criticise the observations of these writers, we shall find 
that the mode in which their experiments have been performed do 
not leave the results in favour of equivocal generation free from 
doubt. In the various experiments which they have made, it is 
not certain: 1. That the Infusoria or mould did not arise from the 
dust of desiccated animalcules, or their germs, floating in the air; 
2 . That the water may not have contained the ova of Infusoria, or 
animalcules themselves, which have afterwards multiplied rapidly 
at the expense of the organic matter in the Infusoria: 3. That these 
ova and animalcules have been in some way contained in the 
organic substances and distilled water, or even freshly prepared 
gases used in the experiments. 

Lastly, although some experimenters should have employed 
organic substances long boiled, with distilled water and artificially 
prepared air at the same time, still the accuracy necessary for a 
sure result is neither probable nor generally possible; since every 
instrument used for changing the water ought to be absolutely free 
from particles of organic matter, and every cleansing is a source of 
errors. 

Ehrenberg’s observations are opposed to the theory .—The fore¬ 
going remarks do not disprove the existence of equivocal genera¬ 
tion; they merely show that it is scarcely possible to prove it by 
direct experiment. The investigations of Ehrenberg, however, 

* Nouv. Observ. Microscop, and “New Microscopic Discoveries,” London, 
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relative to the organization of those animals and plants, which are 
supposed to be generated in this “ equivocal” manner, have thrown 
new doubt upon the theory. In the first place, Ehrenberg disco¬ 
vered the real germs of the fungi and algae, or mould.* The 
propagation of these organic bodies was thus established; it was 
shown that, by means of the germs or seeds of the mould, new 
mould can be produced, which rendered it probable that the cases 
of the unexpected production of mould arose merely from germs, 
which had been diffused in the atmosphere or water, having then 
found the situation required for their development. With regard 
to the infusory animalcules, their complicated structure was first 
discovered by Ehrenberg; he found that the smallest monad 3 -/^ 5 ^ 
of a line in diameter has a complicated stomach, and organs of 
motion, in the form of cilia. In others he observed the ova, and 
the propagation by ova. This excited the greatest doubt with 
regard to those earlier observations, in which, the complicated 
structure of these animalcules being unknown, they were said to 
have been seen to originate in particles of the organic substance of 
the infusion. Ehrenberg has never succeeded in obtaining deter¬ 
minate forms of Infusoria, according to the nature of the infusion; 
and even by the most similar modes of performing the experiment, 
sometimes one, sometimes another set of animalcules were obtained. 
He believes that there are certain forms, of which the number is 
limited, which are most widely diffused; that the ova or indivi¬ 
duals of these forms may exist in all waters, even in some parts of 
plants, but perhaps only in the noxious parts; atid that, of these 
forms, different kinds may be much multiplied, according to the 
kinds of ova or individuals which were in the water, or were 
introduced into it. The increase of these animals appears to be 
extraordinarily rapid. A single wheel-animalcule, Hydatina 
sent a, which was watched for more than eighteen days, and 
which lives still longer, is capable of a fourfold increase in twenty- 
four or thirty hours; a rate of propagation which would afford in 
ten days a million of beings. This, in some measure, explains the 
extraordinary number of Infusoria in a drop of an infusion. 
Ehrenberg never observed any animalcules in dew or rain; but 
there are some which he has found in Africa and Asia as well as 
in Europe, in sea water as well as in river water, in the depths of 
the earth and at its surface. During their development, however, 
these animals seem to present many forms, and the forms depend¬ 
ent on the different stages of development of one animalcule may 
be easily mistaken for examples of different species. From these 
observations Ehrenberg concludes, that all Infusoria are, like other 
animals, propagated from ova ,—omne vivum ex ovo ,—and leaves 
it undecided whether the ova are, or are not, in part really the 
product of a generaiioprimitivaA 

* Nov. Act. Nat. Car. t. x. See also Nees. v. Esenbeck, Flora, 1826, p. 
531; and Schilling in Kastner’s Archiv. x. 429. 

■f Ehrenberg in Poggendorf’s Annal. 1832. 1. See also Wagner in the Isis 
for 1832. 
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Facts relating to Entozoa, favourable to equivocal generation. 
—The alleged primitive formation of certain animals from unor¬ 
ganised animal matter, is still best supported by certain facts re¬ 
specting the Entozoa. A complete series of arguments in favour 
of equivocal generation rests upon the impossibility of explaining 
the first production of Entozoa, without supposing a spontaneous 
generation. 1. The immense majority of the intestinal worms are 
quite distinct in their organisation from all the beings which are 
met with out of the animal body. The similarity of some Disto¬ 
mata to the Flanarise of fresh and salt water is only apparent. 
2 . A small number only of intestinal worms occur in different 
genera of animals. Thus the Taenia of man is peculiar to him; 
though, on the contrary, the Distoma hepaticum, or liver fluke, 
seems to be common to man, the hare, cow, camel, deer, horse, 
and hog; the thread-worm, Ascaris lumbricoides, is common to 
man, the hog, ox, and horse. Most animals have their peculiar 
Entozoa, differing specifically from those of others. 3. Many of 
these Entozoa occur only in particular organs. 4. Intestinal worms 
generally die when removed from the animal body. 5. They 
have been observed even in the embryo. 6. The fact of animals, 
which feed on vegetables solely, having nevertheless their own 
peculiar Entozoa, proves that these Entozoa, or their germs, can¬ 
not be introduced with the food. Even in carnivorous animals the 
introduction of the Entozoa from without can be admitted in very 
few cases only: such are the facts of the Echinorhynchus of the 
field-mouse having been sometimes found in the falcon; the worms 
of the frog, in serpents; and the Ligula of fishes, the Bothrio- 
cephahis solidus of the stickleback, in the intestines of wading 
and swimming birds; while many other Entozoa are met with in 
other parts than the intestinal canal, and beyond the reach of mat¬ 
ters introduced from' without.* 

Ehrenberg endeavours to set aside the equivocal generation of 
the Entozoa; inclining to the old opinion that the ova of these 
animals circulate with the fluids in all parts of the body. But the 
suppositions by which the equivocal generation is thus sought to 
be refuted, are as improbable as that theory itself. The ova of the 
Entozoa are evidently too large to enter the lymphatics of the organ 
in which the worms live; they are much too large to circulate in 
capillary blood-vessels, of which the diameter is only of an 
English inch, or in fine to pass into the secretions,—the milk, or 
yolk of the egg, for example: the explanation of the occurrence of 
Entozoa in herbivorous animals, by transmission from mother to 
young, is consequently completely opposed to the known data 
afforded by the micrometer, unless it be admitted that the smallest 
particle of the germinal matter formed by Entozoa already existing, 
is as capable of propagating them as an entire ovum. With regard 
to the Spermatozoa, Ehrenberg assumes that every animal receives 

* Bremser, Ueber lebenden Warmer im lebenden Menschen. Wien, 1819. 
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them at the time of fecundation. Direct experiments relative to 
the question of equivocal generation are, in the present state of 
science, necessarily attended with extreme difficulty. Those, how¬ 
ever, which have been instituted most recently are unfavourable 
to the hypothesis. Fr. Ferd. Schultze has observed that atmo¬ 
spheric air, after being passed through sulphuric acid, is no longer 
capable of giving rise to the development of Infusoria in fluids 
which have been subjected to long boiling; and Schwann found 
that neither the production of Infusoria or algse (mould), nor pu¬ 
trefaction took place in boiled fluids, when the air in contact with 
them had been exposed to a great heat, though it still contained 
abundance of oxygen, and was frequently renewed. 

M. Von Baer* has observed many extraordinary circumstances 
in the generation of the Entozoa. The animals which he names 
«Bucephalus, are generated in thread-like ovistocks, which are found 
in mussels; and Bojanus and Baer have described a worm, found 
in the Lymnseus stagnalis, which again contains numerous animals 
of a perfectly difierent form,—namely, Cercarise.t Nordmannf 
has seen monads in the body of living Diplostomata, and has 
observed the production of infusory animalcules in the interior of 
the putrefying ova of Lernajse. On the other hand, the changes 
which certain Entozoa undergo deserve attention; for example, 
the Ligula and Bothriocephalus solidus of fishes have no distinct 
genital organs until they are received into the intestines of water 
birds: some young Distomata have at first a difierent form from 
that which they afterwards present; thus the Distoma nodulosum 
of the perch has, according to Nordmann, at first no sucker, and is, 
then, provided with a trace of an eye and with cilia, as if to swim 
in water. The Infusoria and Entozoa of living plants still require 
investigation. It is important to know, that the diseased grain of 
Agrostis or bent-grass, Phalaris or canary-grass, and wheat, con¬ 
tain, according to Steinbuch§ and Bauer,|| Vibriones; that Bauer, 
having inserted Vibriones into the stem of the young wheat, found 
them again in the grain; and that the worms of the dried seeds, 
according to the same observers, if placed in water after several 
years, will again present all the phenomena of life. 

Origin of organic matter and of the organic force. —In the 
production of Infusoria there is no new formation of organic matter; 
the previous existence of organic beings is presupposed. Organic 
matter is never produced spontaneously. Plants alone seem to 
have the power of generating ternary or organic compounds from 
binary or inorganic compounds; while animals are nourished only 


* Nov. Act. Cur. xiii. 2. 

f Compare Siebold, on the anatomy of monostomura mutabile, Wiegmann, 
Arch. i. 35. Carus on the Leuco-chloridium paradoxum. Nov. Act. Cur. 
Nat. xvii. 1. 

X Microgr. Beitrage. Berlin, 1832. § Analecten. 1802. 

y Philos. Trans. 1823. 
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by organic matter, which they cannot generate from binary com¬ 
pounds, and consequently their existence presupposes that of the 
vegetable kingdom. How organic beings were originally pro¬ 
duced, and how organic matter became endowed with a force 
which is absolutely necessary to its formation and preservation, but 
which is manifested only in it, are questions beyond the compass of 
our experience and knowledge to determine. The difficulty is not 
removed by saying that the organic force has resided in the organic 
matter from eternity, as if organic force and organic matter were 
only different ways of regarding the same object; for, in fact, the 
organic or vital phenomena are presented only by a certain combi¬ 
nation of the elements; and even organic matter, itself susceptible 
of life, is reduced to inorganic compounds as soon as the cause of 
the vital phenomena, namely, the vital force, ceases to exist in it. 
This problem, however, is not a subject of experimental physiology, 
but of philosophy. Conviction in philosophy and in natural sci¬ 
ence have entirely different bases; the first suggestion here, there¬ 
fore, is, not to be led away from the field of rational experiment. 
We must be content to know that the forces which give life to 
organic bodies are peculiar, and then examine more closely their 
properties. 


II. OF ORGANISM AND LIFE. 

Organised beings are composed of a number of essential and 
mutually dependent dissimilar parts. —The manner in which 
their elements are combined, is not the only difference between 
organic and inorganic bodies; there is in living organic matter a 
principle constantly in action, the operations of which are in 
accordance with a rational plan, so that the individual parts which 
it creates in the body, are adapted to the design of the whole; and 
this it is which distinguishes organism. Kant says, “ The cause of 
the particular mode of existence of each part of a living body 
resides in the whole, while in dead masses each part contains this 
cause within itself.” This explains why a mere part separated 
from an organised whole generally does not continue to live; why, 
in fact, an organised body appears to be one and indivisible. And 
since the different parts of an organised body are heterogeneous 
members of one whole, and essential to its perfect state, the trunk 
cannot live after the loss of one of these parts. 

It is only in very simple animals or plants which possess a cer¬ 
tain number of similar parts, or where the dissimilar parts are 
repeated in each successive segment of the individual, that the 
body can be divided, and the two portions, each still possessing all 
the essential parts of the whole, though in smaller number, con¬ 
tinue to live. Branches of plants separated from the trunk, being 
planted, form new individuals. The different parts of plants are 
so similar, that they are convertible one into another, branches 
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into roots, and stamens into petals.* This is the case also with 
some simple polypes. The experiments of Trembley, Roesel, and 
others, prove that portions of a divided polype will continue to 
grow until each half becomes a perfect animal. In the same way 
some worms, as the Nai'des, in which each segment contains nearly 
the same essential parts,—the intestine, nerves, and blood-vessels, 
—have been observed to propagate by spontaneous division. 
Bonnet states, that he has seen this new growth and reproduction 
in the portions of a divided earthworm: but this animal, when 
thus divided, could not continue to live; for neither portion would 
contain all the parts essential to the whole. 

In the higher animals, and in man, there are certain organs,— 
that is, parts differing in their properties and functions,—which 
cannot be removed without destruction of life, and of our idea of 
the whole; and such organs also only occur singly, as brain, spinal 
marrow, lungs, heart, and intestinal canal. Other parts, on the 
contrary, which are not members essentially necessary to our idea 
of the whole being, or which are several in number, may be 
removed with impunity: no part, however, of one of the higher 
animals can continue to live when separated from the body, for no 
one part contains all the organs essential to the whole. The ovum, 
the germ itself, alone possesses this power; for, at the time of its 
separation from the parent animal, the vital force has not formed 
in it the essential parts of the whole; and yet it becomes developed 
into a new integral being. There is, then, a unity in the organism, 
to which its composition of dissimilar parts is subordinate. From 
the facts above stated, however, it appears that organised bodies 
are not absolutely indivisible; they may, indeed, always be divided, 
and still retain their properties, if each portion contains the essen¬ 
tial heterogeneous members of the whole, and in the generation 
even of the highest animals and plants a division takes place. 

Inorganic bodies are divisible in a much more extended sense, 
without the parts losing the chemical properties of the whole; they 
may be divided (to use the common expression) ad infinitum ,— 
that is, according to the atomic theory, into the ultimate atoms 
which, on account of their minuteness, elude the senses; and in 
chemical compounds, into molecules which are formed of the dif¬ 
ferent component atoms, and which are likewise not recognisable 
by the senses. To this character of inorganic bodies, however, 
crystals form an exception, since they cannot be reduced by divi¬ 
sion to their ultimate particles without losing some of their pro¬ 
perties. 

Jldaptation displayed in organised bodies .—Organised bodies 
being composed of a certain number of dissimilar essential parts 
all adapted to the plan of the whole individual, it necessarily fol¬ 
lows that their external and internal conformation are such as to 


* Goethe, Metamorphose der Pflanzen. 
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distinguish them entirely from inorganic bodies. There is a har¬ 
mony between their form and organisation, and the functions 
which they are called upon to perform. In crystals there is no 
such adaptation: their increase is by apposition and aggregation. 
That of organised bodies is by internal changes going on contem¬ 
poraneously in different parts.* 

This law of organic conformation,—adaptation to an end,— 
regulates the form, not only of entire organs, but also of the sim¬ 
plest elementary tissues. Thus it will be shown, in a future page, 
that the manifold forms of secreting glandular structures depend 
simply on the various modes in which a large secreting surface can 
be made efficient in a small space. The fibrous structure of mus¬ 
cles is necessary to enable these organs to shorten themselves in a 
determined direction by the zigzag flexure of the fibres. So, also, 
in treating of the Physiology of the Nerves it will be shown, that 
unless the nerves had been divided into a certain number of pri¬ 
mitive fibres, which do not communicate one with another, their 
local action,—local circumscribed sensation,—would be impossible. 
The same adaptation is seen to be equally necessary in the organi¬ 
sation of plants. The organs of plants are less heterogeneous; 
and, in place of being so much enclosed in the interior, are ex¬ 
panded on the surface,—the reciprocal actions with the external 
world being effected by the whole surface rather than by particu¬ 
lar points. Hence the general character of the conformation of 
plants is that extension of surface which is effected by means of 
the various forms of leaves, in ways more manifold than the most 
lively fancy could have imagined; so that a great part of botanical 
terminology is only an attempt to form, logically and conformably 
to nature, a scheme of the possible varieties in the increase of sur¬ 
face produced by variations of the leaves, and of their relation to 
pedicle, twig, branch, and stem. 

Organic symmetry as distinguished from inorganic .—The 
only character that can be possibly compared in organic and in¬ 
organic bodies, is the mode in which symmetry is realised in each. 
Crystals have symmetrical and asymmetrical surfaces, angles, and 
corners. Animals have also symmetrical and asymmetrical parts, 
and the laws of symmetrical and asymmetrical conformation present 
in organised bodies, as in crystals, manifold variations. The origi¬ 
nal form of the animal germ, for example, is a roundish flat disk,— 
the cicatricula (germinal disk, blastoderma) in the bird’s egg; this 
germinal disk, while in the ovary, appears, from the researches of 
Purkinje and Baer, to be a vesicle. The germ is also disk-shaped 
in invertebrate animals, as I have seen in the Planaria. The form 
of the ovum and yolk must not be confounded with that of the 
germ. In addition to the circumstance that the symmetry and 

* Professor E. H. Weber has made some other very interesting comparisons 
between organisation and crystallisation in his General Anatomy. Hildebrandt’s 
Anat. l»'®f Band. 
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asymmetry of crystallised inorganic bodies are always represented 
by plane surfaces and straight lines, the reverse of which is the 
case in organised bodies, there is also this great difference, that the 
symmetrical and asymmetrical parts of crystals have a simple com¬ 
position, while the symmetrical parts of organised bodies are them¬ 
selves in the first place formed of heterogeneous tissues. The 
causes which give rise to the different types of organic symmetry, 
and which first determine in the germ the position of the axis for 
the symmetrical development, are as difficult to imagine as the 
causes of the symmetry of form in crystals. 

The component tissues of organised bodies are never crystal¬ 
line; for although some kinds of fatty matter are crystalline in the 
pure state, it is only when they are subjected to external influences 
and withdrawn from that of life. The same is the case with sugar, 
urea, and lithic acid. Most of the organic substances and fluids 
do not crystallise even when removed from the living body. The 
spinal canal and the cranial cavity of the frog have, indeed, sur¬ 
rounding the central parts of the nervous system, a layer of white 
pulpy matter which, according to Ehrenberg and Huschke, con¬ 
sists of microscopic crystals of carbonate of lime. So, also, in 
the peritoneum of fishes, and in the tapetum of the choroid of 
the same animals, Ehrenberg* has discovered microscopic crystals 
composed of organic matter. The pulverulent matter in the laby¬ 
rinth of the ear consists of microscopic crystals. The chorion of 
the ova of lizards, and the gritty matter of the pineal gland, and 
choroid plexus of the human brain, the dental pulp of the human 
subject and of some Mammalia, and peculiar sacculi in the earth¬ 
worm, described by Henle, contain particles which, according to 
Valentin,t exhibit an imperfect crystalline form and arrangement. 
The presence of minute crystals, called raphides, in the tissues of 
many plants and generally within the cells, is well known. In 
diseased states, crystallisation not unfrequently takes place within 
the body; sometimes apparently the immediate result of the mor¬ 
bid process, as in the formation of certain arthritic concretions; 
but more frequently perhaps in consequence of subsequent che¬ 
mical changes ensuing in matters already eliminated from the 
vessels, or of the removal of a part of the solvent fluid. To these 
causes we must refer most biliary and urinary calculi, and the crys¬ 
tals of calcareous and soda salts formed in the crusts of the intes¬ 
tinal ulcers, and in the intestinal excretions in Typhus, as well as 
in carcinomatous tumours, the discharges from gangrenous parts, 
&c. as observed by Schoenlein (Muller’s Archiv. 1836, p. 258), 
Valentin (Repertor. Bd. ii. p. 262. Bd. iii. p. 534), and Gluge 
(Muller’s Archiv. 1837, p. 463). 

* Muller Archiv. fiir Anat. nnd Physiolog. 1834, p. 158. 

f Repert. fiir Anat. u. Physiol. Bd. i. p. 2. 
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The organic force is creative. —Hitherto, I have examined 
merely that peculiarity of organised bodies which consists in their 
being systems of dissimilar organs, the existence of each of which 
has its source, not in itself, but in the entire system, as Kant ex¬ 
pressed it. The organic force^ which resides in the whole, and on 
which the existence of each part depends, has however also the 
property of generating from organic matter the individual organs 
necessary to the whole. Some have believed that life,—the active 
phenomena of organised bodies,—is only the result of the harmony 
of the different parts—of the mutual action, as it were, of the 
wheels of the machine,—and that death is the consequence of a 
disturbance of this harmony. This reciprocal action of parts on 
each other evidently exists; for respiration in the lungs is the cause 
of the activity of the heart, and the motion of the heart at every 
moment sends blood, prepared by respiration, to the brain, which 
thus acquires the power of animating all other organs, and again 
gives occasion to the respiratory movements. The external im¬ 
pulse to the whole machinery is the atmospheric air, in respiration. 
Any injury to one of the principal moving powers in the mecha¬ 
nism, any considerable lesion of the lungs, heart, or brain, may be 
the cause of death; hence these organs have been named the atria 
mortis. But the harmonious action of the essential parts of the 
individual subsists only by the influence of a force, the operation 
of which is extended to all parts of the body, which does not de¬ 
pend on any single organ, and which exists before the harmonis¬ 
ing parts, these being, in fact, formed by it during the development 
of the embryo. The germ is «potentially’’ the whole animal; 
during the development of the germ, the essential parts which 
constitute the “actual” whole are produced. The development 
of the separate parts out of the simple mass is observable in the 
incubated egg. We are not to suppose, however, that the germ is 
the miniature of the future being with all its organs, as Bonnet 
and Haller believed; it is merely potentially’’^ this being, with 
the specific vital force of which it is endued, and which it becomes 
“ actually'” by development, and by the production of the organs 
essential to the active state of the “ actual” being. For the germ 
itself is formed merely of amorphous matter, and a high magnify¬ 
ing power is not necessary to distinguish the earliest rudiments of 
the separate organs; on the contrary, these are from their first 
appearance distinct and pretty large, but simple; so that the later- 
complicated state of a particular organ can be seen to arise by 
transformation from its simple rudiment. These remarks are now 
no longer mere opinions, but facts; and nothing is more distinct 
than the development of glands from the intestinal tube, and of 
the intestinal tube itself from a portion of the germinal membrane. 

The creative organic force is not identical with the mind.—^ 
If Ernst Stahl had been acquainted with the above facts, he would 
have been still more confirmed in his famous theory, that the 
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rational soul itself is the “primum movens'^ of organisation; that 
it is the ultimate and sole cause of organic activity; that the soul 
constructs and maintains the organisation of its body in adaptation 
to the laws of its intended actions; and that by its organic opera¬ 
tions the cure of diseases is effected. Stahl’s contemporaries and 
followers have partly misunderstood this great man, in believing 
that, according to his view, the soul, which forms mental concep¬ 
tions, also conducts with consciousness, and designedly, the organi¬ 
sation of the body. The soul {anima) spoken of by Stahl is the 
organising power or principle which manifests itself in conformity 
with a rational law. But Stahl has gone too far in placing the 
manifestations of soul, combined with consciousness, on a level 
with the organising principle; the operations of which, though in 
accordance with design, obey a blind necessity. The organising 
principle, which according to an eternal law creates the different 
essential organs of the body, and animates them, is not itself seated 
in one particular organ. It continues in operation up to the time of 
birth in anencephalous monsters: it modifies the already existing 
nervous system, as well as all the other organs in the larvae of 
insects, during their transformation, causing the disappearance of 
several of the ganglia of the nervous cord, and the coalescence of 
others. By its operation during the transformation of the tadpole to 
the frog, the spinal marrow is shortened in proportion as the tail 
becomes atrophied, and the nerves of the extremities are formed. 
This principle, thus acting conformably to design, but without con¬ 
sciousness, is also manifested in the phenomena of instinct. There 
is great beauty and truth in the saying of Cuvier, that animals 
acting from instinct are, as it were, possessed by an innate idea, by 
a dream. But that which excites this dream can be nothing else 
than the organising principle, the “ ultimate cause” of the being. 

The existence of the organic principle in the germ, and its appa¬ 
rent independence of any special organ in the adult, as well as the 
fact that it is manifested in plants, in which both nervous system 
and consciousness are wanting, prove that this principle cannot be 
compared with mental consciousness, which is an after product of 
development, and has its seat in one particular organ. Mind can 
generate no organic products, it can merely form conceptions; our 
ideas of the organised being are mere conscious conceptions of the 
mind. The formative or organising principle, on the contrary, is a 
creative power modifying matter, blindly and unconsciously, 
according to the laws of adaptation. 

Origin of genera and species. —Organism, or the organised state, 
is the result of the union of the organic creative power and organic 
matter. Whether the two have ever been separate, whether the 
creative archetypes, the eternal ideas of Plato, as he taught in his 
« Timaeiis,” have at some former period been infused into matter, 
and from that time forward been perpetuated in each animal and 
plant, is not an object of science, but of the fables and traditions 
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which cannot be proved, and which distinctly indicate to us the 
limits of our mere consciousness. All that we know is, that each 
form of animal or plant is continued unchanged in its products, and 
that, in a rOughly calculated number of many thousand species of 
animals and plants, there are no true transitions of one species to 
another, or of one genus to another. Each family of plants and 
animals, each genus, and each species, is connected with certain 
physical conditions of its existence, with a certain temperature, and 
with determinate physico-geographical relations, for which it is, as 
it were, created. In this endless variety of creatures, in this regu¬ 
larity of the natural classes, families, genera, and species, is mani¬ 
fested one common creative principle, on which life generally 
throughout the world depends. But all these varieties of organism, 
all these animals, which may be regarded as so many modes in 
which the surrounding world may be enjoyed by means of sensa¬ 
tion and reaction, are, from the moment of their creation, indepen¬ 
dent. The species perishes when the productive individuals are 
all destroyed; the genus is no longer capable of generating the 
species, nor the family of restoring the genus. In the course of 
the earth’s history, species of animals have perished by the revolu¬ 
tions of its surface, and have been buried in the ruins; these belong 
partly to extinct genera, partly to genera still existing. 

The study of the successive strata of the earth, in which the 
remains of organic beings occur, seems to prove that the beings, 
which have thus left their remains on the earth, have not all ex¬ 
isted at the same time, but that the simplest creatures have first in¬ 
habited the earth; while the remains of the higher animals, and 
particularly those of man, are not met with except in the most 
superficial of the deposits which contain organic remains. But no 
fact justifies us in speculations concerning the primitive, or subse¬ 
quent origin of living beings; no fact indicates the possibility of 
explaining all these varieties by transformation, for all creatures 
maintain unchanged the forms which they originally received. 

Nature of the organic force .—The unity resulting from the 
combination of the organising force with organic matter could be 
better conceived, if it were possible to prove that the organising 
force and the phenomena of life are the result, manifestation, or 
property of a certain combination of elements. The difference of 
animate or inanimate organic matter would then consist, in that 
state of combination of the elements, which is necessary to life, 
having in the latter undergone some change. Reil has stated this 
bold theory in his famous treatise on the “ vital energy,”* which 
some physiologists,—Rudolphi, for example,—regard as a master¬ 
piece, on which the principles of physiology musl; be founded. 

Reil refers organic phenomena to original difference in the com¬ 
position and form of organic bodies. Differences in composition 


* Reil, Archiv. fiir Physiologie, Bd. i. 
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and form are, according to his theory, the cause of all the variety 
in organised bodies, and in their endowments. But if these 
two principles be admitted, still the problem remains unsolved; 
it may still be asked, how the elementary combination acquired 
its form, and how the form acquired its elementary combination. 
Into the composition of the organic matter of the living body 
there must enter an unknown (according to ReiPs theory, sub¬ 
tile material) principle, or the organic matter must maintain its 
properties by the operation of some unknown forces. Whether 
this principle is to be regarded as an imponderable matter, or as a 
force or energy, is just as uncertain as the same question is in 
reference to several important phenomena in physics; physiology in 
this case is not behind the other natural sciences, for the properties 
of this principle, as displayed in the functions of the nerves, are 
nearly as well known as those of light, caloric, and electricity, in 
physics. 

At all events, the mobility of the organic principle is certain: its 
motion is evident in innumerable vital phenomena. Parts frozen, 
stitf, and deprived of sensation and motion, are observed gradually 
to recover animation, which extends into them from the borders of 
the living parts. This passage of the vital principle from one part to 
another, is still more manifest on the removal of pressure from a 
nerve, after that state has been produced in which the limb is said 
to be “ asleep.” The fibrin effused in inflammation on the surface 
of an organ, is observed to become endowed with life and organi¬ 
sation. This same organic principle exerts its influence even be¬ 
yond the surface of an organ, as is shown by the changes produced 
in the animal matter contained in the vessels, for instance, in the 
lymph and chyle, which latter fluid during its progress through 
the lacteals acquires new properties: by the coats of the blood¬ 
vessels, again, the organic principle exerts an influence on the 
blood, in maintaining its fluidity; for, out of the vessels the blood 
coagulates under almost all circumstances, unless it has undergone 
some chemical change. Lastly, I may with Autenrieth adduce 
that property of animal tissues, by virtue of which vital energy is 
at one time withdrawn from them, and then again imparted to 
them, and is often quickly accumulated in one organ. I do not 
think, with Hunter, that it is the influence of the vital energy which 
in an unincubated egg preserves the yolk and white from putre¬ 
faction; but it is certain, that an extravasated, enclosed, or morbidly 
collected fluid, even morbid animal matter, as pus, is preserved 
from putrefaction longer in the living body than out of it; which 
does not arise merely from the exclusion of air, since, when the 
vital powers are low, blood and pus rapidly undergo decomposi¬ 
tion even in the body.* From all these facts the existence of a 
force which is often rapid in its action, and is capable of extending 
from one part to another, or of an imponderable matter, is evident; 


* Autenrieth, Physiologie, i. 
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nevertheless we are by no means justified in regarding it as iden¬ 
tical with the known imponderable matters, or general physical 
forces,—caloric, light, and electricity, a resemblance to which is 
disproved by a close investigation. The researches on the so-called 
animal magnetism at first promised to throw some light on this 
enigmatical principle, or imponderable matter. It was thought 
that, by one person laying his hand upon, or passing it along the 
surface of another, and by other procedures, remarkable effects 
were produced, arising from the overflow of the animal magnetic 
fluid; some indeed have imagined that by certain operations they 
could produce accumulation of this hypothetic fluid. These tales, 
however, are a lamentable tissue of falsehood, deception, and cre¬ 
dulity; and from them we have only learned how incapable most 
medical men are of instituting an experimental investigation, how 
little idea they have of a logical criticism, which in other natural 
sciences has become a universal method. There is no single fact 
relating to this doctrine which is free from doubt, except the cer¬ 
tainty of endless deceptions; and in the practice of medicine there 
is also no fact which can be connected with these wonders, except 
the often repeated, but still unconfirmed accounts of the cure of 
paralysis by investing the limbs with the bodies of animals just 
killed, and the willingly credited fables of the restoration of youth 
to the old and diseased, by their being in the proximity and exposed 
to the exhalation of healthy children, and vice versd. 

We have thus seen that organic bodies consist of matters which 
present a peculiar combination of their component elements—a 
combination of three, four, or more to form one compound, which 
is observed only in organic bodies, and in them only during life. 
Organised bodies moreover are constituted of organs,—that is, of 
essential members of one whole,—each member having a separate 
function, and each deriving its existence from the whole: and they 
not merely consist of these organs, but by virtue of an innate 
power they form them within themselves. Life, therefore, is not 
simply the result of the harmony and reciprocal action of these 
parts; but it is first manifested in a principle, or imponderable mat¬ 
ter which is in action in the substance of the germ, enters into the 
composition of the matter of this germ, and imparts to organic 
combinations properties which cease at death. 

Conditions necessary for the manifestation of life .— Vital 
stimuli. —The action of the vital or organic force, is, however, not 
independent of certain conditions. The necessary elementary com¬ 
bination and the vital principle itself may be present, and yet not 
manifest themselves by the phenomena of life. This quiescent 
state of the vital principle, as it is seen in the impregnated germ of 
the egg before incubation, or in the seeds of plants before germi¬ 
nation, must not be confounded with the state of death; it is also 
not life, but a specific state of ‘‘ capability of living.’’ Life itself, 
namely, the manifestation of the organic or vital force, begins under 


36 


ACTION OP THE VITAL STIMULI. 


the influence of certain necessary conditions: these are warmth, 
atmospheric air (in ova which are hatched in water, the air diffused 
through the water), and the supply of moist nutritive matters,—that 
is to say, of nutriment and water; and these conditions do not cease 
to be necessary for the continued manifestation of life. 

The ova of animals and plants remain in the state of « germ” 
only so long as they are maintained perfectly quiescent and beyond 
the influence of external agencies; they remain capable of de¬ 
velopment, and retain the creative force of the germ, but this force 
is in a quiescent state. The ova of animals will retain for a long 
period their capability of development, if withdrawn from the 
influence of the atmosphere and of caloric. Thus the productive 
power of the germ is preserved in the ova of many insects through 
the winter, and the ova of insects of transatlantic countries are 
hatched in the botanic gardens of Europe, an instance of which 
has fallen under my own observation. In the same way the ger- 
t minating power of the seeds of many phanerogamic plants is said 
to be preserved under water for twenty years, and in the ground 
beyond the influence of the atmospheric air for one hundred 
5^ears.* Treviranus adduces the observations of Van Swieten that 
the seeds of the mimosa have germinated at the end of twenty 
years, and beans after two hundred years; and he cites another ob¬ 
servation, according to which an onion taken from the hand of an 
Egyptian mummy, perhaps two thousand years old, was made to 
grow.t As soon, however, as it is subjected to the external in¬ 
fluences above-mentioned, the germ, if capable of development, 
becomes developed, or it undergoes putrefaction; while the already 
developed organism, when the conditions necessary for its further 
growth fail, either falls into a state of apparent death, as in hyber¬ 
nation, or it dies. The quiescent vital force of the germ, therefore, 
requires no external stimuli for the maintenance of its passive ex¬ 
istence; but these stimuli are very necessary for the developed and 
active life. 

Jiction of the vital stimuli .—The external conditions which are 
necessary to life,—caloric, water, atmospheric air, and nutriment, 
at the same time that they maintain life, induce constant changes 
in the composition of the organised body; themselves combining 
with the body, while certain old components are again decom¬ 
posed and cast off. These external agencies have been called 
vital stimuli; they must, however, be carefully distinguished from 
many other accidental stimuli which are not essential to life; and it 
must always be remembered, that these vital stimuli produce the 
phenomena of life by effecting material changes,by producing an in¬ 
terchange of ponderable and imponderable matters. The essential 
combination of elements in the fluids, for example in the blood, is 

♦ Ann. d. Sc. Nat. v. p. 380. 

j- Treviranus, Erschein. u. Gesetz des Organ. Lebens, p. 47. 
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by their agency constantly maintained, and the blood having under¬ 
gone the necessary change by the action of the vital stimuli, in its 
turn stimulates all the organs of the body. It produces in them, 
by the interchange of ponderable and imponderable matters, cer¬ 
tain organic changes of composition, essential to the manifestation 
of life; the old components of the organs being at the same time 
in part decomposed and cast off. In animals, the nerves also effect 
important “material” changes in the organs; and their active force, 
probably an imponderable agent, is an important internal vital 
stimulus. The property of organised bodies, of undergoing con¬ 
stantly, by the action of the vital stimuli, certain modifications in 
the combination of their elements necessary to the manifestation 
of life, has been termed ineitabilitas, excitability (Reitzbarkeit). 
Stimuli may be regarded as the external force which sets in motion 
the wheels of the whole machine; and although the comparison of 
the animal body with a machine may not be very apt, yet the or¬ 
ganic principle, which in the organised body creates the mechanism 
^ necessary to life, is incapable of activity without this external im¬ 
pulse, that is to say, without the constant material changes effected, 
by the aid of the external vital stimuli. Richerand has not unaptly 
compared the manifestation of life with the phenomena of com¬ 
bustion and flame, which endure only so long as the combina¬ 
tions and decompositions essential to combustion take place: by 
the union of oxygen with the burning body, caloric is developed; 
and so long as oxygen and combustible matter are supplied, 
the phenomena of combustion continue. I am very far from 
making life dependent on a kind of combustion; I merely say, 
that in both, certain essential combinations and decompositio-ns are 
constantly going on, which in the one produce the phenomena of 
combustion and light, in the other those of life; that vital stimuli 
are for the organised body, what the oxygen of the atmosphere 
and the combustible matter are for the phenomena of com¬ 
bustion; in which case, however, the oxygen is not called the 
stimulus of the flame. I must add, that the name stimulus—vital 
stimulus—gives an empty and indeed false notion, unless the ma¬ 
terial changes—the constant new combinations and decompositions 
of ponderable and imponderable matters—induced by it be at the 
same time kept in mind. It is, however, necessary always to re¬ 
collect, that although inorganic substances come into play in the 
material changes effected by vital stimuli, binary compounds are 
not generated for the organism, but only cast off, like the car¬ 
bonic acid in respiration, as the result of the decomposition of the 
old matter; while the oxygen, which in the process of respiration 
partly enters into combination with the blood, produces a certain 
change in this fluid, which in its turn must give rise, in the organs 
endowed with the vital principle, to “material” changes, very 
different from those presented to us in bodies not endowed with 
life. 

These general essentials of life, the vital stimuli, or renovating 
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(integrirende) stimuli, are common to plants and animals. For 
plants, light is also an indispensable vivifying stimulus; for ani¬ 
mals, although the want of its influence renders the body scrofu¬ 
lous and rickety, it is not immediately necessary, as is proved by 
the habits of many animals, particularly the Entozoa; and its ab¬ 
sence is only so far injurious as it modifies the other essential vital 
stimuli. As essential for animal life, there must be not merely 
the assumption of new matter, but more especially of matter al¬ 
ready organised. Plants, again, take up as nutriment organised 
matters partly converted into binary compounds, and change these 
binary into ternary compounds. The necessity of new matter, ca¬ 
loric, water, and atmospheric air for the development, subsistence, 
and growth of organised bodies, is absolute. 

A great error has been committed in classing the vivifying 
stimuli with other stimuli, which do not really contribute to the 
composition of organic bodies, and do not renovate their powers. 
A mechanical stimulus, which modifies the* condition of a mem¬ 
brane endowed with sensibility,—for example, pressure,—excites, 
it is true, a vital phenomenon—sensation, but does not vivify, 
does not invigorate the organic forces; while, on the contrary, the 
essential vital stimuli really contribute to the formation of organic 
matter. Nutriment, in the first place, is not merely a stimulus of 
the organic body; it is itself susceptible of life, it is a stimulus 
which vivifies, and can itself receive vitality. Man, in the healthy 
state, can scarcely dispense with food longer than a week without 
fatal consequences; the more highly organised brutes do not live 
many weeks without it; while reptiles, on the contrary, (especially 
serpents and chelonians,) have been known to fast for months. 
Water, whether it enters as such into the composition of the or¬ 
ganic matters, or contributes its elements to their composition, is 
also absolutely essential, in its uncombined state, to the manifesta¬ 
tion of life; since the animal tissues, unless they are moist with 
water, are incapable of living. Atmospheric air is so essential 
for the manifestation of vital phenomena, that, in the higher ani¬ 
mals, life does not subsist a moment without respiration, without 
the changes in the blood efl^ected by respiration, and without the 
influence of blood, thus changed, upon the organs. The supply of 
nutriment, and the assumption of new matter from the blood by 
the organs, may be suspended for a considerable time, particularly 
in reptiles; but this other change, which the blood elfects in the 
organs by virtue of its aeration in the lungs, can be omitted in 
reptiles but for a short time; in man, only for a few seconds. Ca¬ 
loric, lastly, which is especially important at the time when the 
animal system is itself yet unable to generate any heat, but is 
indispensable for all organic beings, plants, and animals, seems 
also to enter into the composition of the organic system. The or¬ 
ganic processes require in every animal and plant a certain tem¬ 
perature; and it is also known, that in chemical processes among 
binary compounds, not only is a certain temperature required, but 
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a determinate quantity of caloric becomes latent, or is absorbed 
for the formation of new products. Under the influence of the 
vital stimuli,—nutriment, water, air and caloric,—the organic being 
is developed spontaneously from the germ, while the organic matter 
present in it is constantly undergoing decomposition; and, thus 
the phenomena of life are themselves the results of the constant 
union of new and separation of old elements of the organised 
matter, and of the consequent changes in its composition. Whether 
electricity also is necessary to the development of life is at present 
quite uncertain. 

There is, however, an evident difference in the degree in which 
living beings are dependent on different vital stimuli. Dr. W. F. 
Edwards has observed, that newly born warm-blooded animals 
have most need of external warmth, and cannot live without it; while 
they can live under water, without breathing, much longer than 
adult animals. The time that they can remain in the water is 
longer in proportion as the temperature of the water rises from 
32° to 68° Fahr.; remains the same when the water is between 
68° and 86° Fahr.; and becomes shorter between 86° and 104° 
Fahr.* The adult animal has, according to the vital relations of 
its species and genus, a certain temperature, and consequently a 
certain geographical tract, assigned to it in which to live. 

The duration of excitability without the application of vital 
stimuli^ is generally in the inverse ratio of the perfection of the 
organisation. The simplest animals can longest dispense with 
these stimuli. Mollusca and insects, as well as the scorpion, have 
been kept for months without food.t Serpents and tortoises also 
live for months without food, while man in the healthy state can 
scarcely survive a week. Several insects will live for days in 
mephitic gases; the larvse of the oestrus, for example, according to 
the experiments of Van der Kolk, live for a long period in irrespi- 
rable gases. Molluscous animals have been kept during twenty- 
four hours under the air-pump. Reptiles, and amphibia also, live 
a very long time without respiring; in water deprived of its air 
they survive some few hours, according to Spallanzani and Ed¬ 
wards, and in water still containing air, from ten to twenty hours: 
frogs, the lungs of which I had extirpated, lived thirty hours. The 
numerous accounts, however, of toads, &c. having been found 
living in blocks of marble, and in trees, are to be regarded as 
instances of deception and credulity; for, although Herissaut and 
Edwards kept such animals alive for some little time enclosed in 
gypsum, the latter observer is convinced that gypsum is permeable 
to atmospheric air; for, when the reptiles were surrounded both by 
gypsum and mercury, they died as quickly as if under water.f 

* Edwards, De I’influence des agens physiques sur la vie. Frorieps Notiz. 
150, 151. See also Legallois, Exper. sur le principe de la vie. 

t See my paper on the Scorpion, in Meckel’s Archiv. 1828. 

t Edwards, in Meckel’s Archiv. iii. 617. 
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The greater complication of the organisation increases the state of 
dependence of the organs on each other. Simply organised ani¬ 
mals therefore live longer after injuries, than animals higher in the 
scale. Revival from the state of apparent death, or asphyxia, is 
much more easy in the lower animals. Spallanzani and Fontana 
saw wheel-animalcules, which had been desiccated, recover the 
appearance of life on being moistened with water. Ehrenberg, 
however, denies that this could occur. Steinbuch and Bauer have 
observed the same fact with regard to the Vibriones of diseased 
wheat and of an Agrostis; these revived when the grain was moist¬ 
ened, after an interval of years. After the most severe injuries, 
reptiles present signs of life for a long time; and the long persistence 
of irritability in the muscles and nerves of these animals is well 
known. The signs of life continue for a longer period in young 
animals also, probably on account of the greater simplicity of 
their structure. In the embryos of rabbits, I have seen muscular 
irritability continue longer after death than in adult rabbits; and a 
foetal rabbit removed from the uterus, retained its life for fifteen 
minutes under the air-pump. On this point, Legallois has made 
some interesting experiments: he found, that, on killing rabbits by 
immersion in water, excision of the heart, or opening the thorax, 
on the first, fifth, tenth, and so on every fifth day until the thirtieth 
day after birth, that the duration of sensibility was less every fifth 
day, so that, while on the first day it continued fifteen minutes, on 
the thirtieth day it endured only two minutes and a half. Legal¬ 
lois observed the. same relation with regard to the persistence of 
the circulation after the spinal cord was destroyed, and the head 
cut off. All these facts are fully explained by the law, that the 
more developed the individual parts of a whole are, the more de¬ 
pendent they must be one upon the other. 

Organised bodies are subject to death .—While life is continued, 
with an appearance of immortality, from one individual to another, 
the individuals themselves perish: but if all the individuals of a 
species are destroyed, the species itself, whether of animals or 
plants, becomes extinct, as the history of the earth proves. The 
vital or organic force flows, as it were, in a stream from the pro¬ 
ducing parts into those ever newly produced, while the old parts 
perish. This is well described by Autenrieth:—“ Those organised 
bodies only,” he says, “ which constantly strike fresh roots,—as 
the creeping plants, for example, by means of runners, or, as many 
trees, by means of descending branches,—do not die. In all these 
cases the new sprout forms, at one period, a part of the old indi¬ 
vidual, at the same time that it is a new and independent being. 
But even in these plants the old stem always perishes, and the 
vital force continues active only in the new offset, which in its 
turn continues to extend itself on the one side, while it dies on the 
other. What here takes place connectedly,—namely, the decay 
on the one side, and the formation of a new living body on the 
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Other,—is effected in an interrupted manner in man and'the more 
perfect animals. The young is separated from the parent as a 
new living body, before the old being perishes: and the original 
individual dies, while the species seems lo be immortal.’^* 

Cause of death. —Why organised bodies perish, and why the 
organic force is transferred from the producing parts of organic 
beings to the young living products, while the old producing parts 
perish, is one of the most difficult problems of general physiology. 
We cannot solve it, but can only describe its successive phenomena. 
It would not be sufficient to say that inorganic influences gradually 
destroy life; for in that case the vital force would begin to diminish 
from the very commencement of existence; and it is well known 
that at the time of virility, the vital force is in such a state of per¬ 
fection that it multiplies itself by the formation of germs. There 
must then be some other more occult cause, which induces the 
death of the individuals, while it insures the propagation of the 
vital force from one individual to another, and in this way secures 
it from perishing. It might be asserted, that the increasing fragility 
of organic bodies in old age arises from the increasing accumula¬ 
tion in them of certain products of the decomposition of the organic 
substance, the chemical affinity of which products at last balances 
the vital or organic force; but in that case, also, the vital force 
must diminish from the very commencement of life. Dutrochet 
supposes old age to depend on an increasing accumulation of 
oxygen in the animal body, but there is no proof of such accumu¬ 
lation taking place. All that can be done, therefore, is to show the 
connection of these phenomena with developmenl.(«) 

IVhy organic matter perishes. —The cause of the constant de¬ 
struction of the matter of organic bodies during life, and of the 
necessity for its being replaced by new organic matter, is the 
second point to be investigated, and which is embarrassed by the 
same difficulties as the preceding one. 

It is most consonant with facts to suppose, that the matter 
assimilated to an organised body becomes endowed with the 
organising power at the moment that it is organised. The or¬ 
ganising force itself is in many simple organic beings divisible, 
by division of the organised matter. We are thus led to the 
very opposite conclusion to that of M. Sniadecki.t He maintains 
that the matter loses its capacity for life in proportion as it is en¬ 
dowed with life. We say, matter becomes vivified in proportion 
as it has experienced the vivifying force; it acquires the power of 
imparting life to other matter in proportion as it is itself vivified; 
and it exercises this power while acted on by certain vital stimuli^ 

* Autenreith, Physiol, i. 112. 

(a) The reasoning on this point is so much in a circle, that its omission will 
be no loss to the student who craves facts rather than speculations. 

t Theorie der organischen Wesen, aus dem Polnischen. Niirnberg, 1821. 
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which, while they unite with the organised tissues, cause the sepa¬ 
ration and excretion of other substances. Certain stimuli 
entering the blood, as in the process of respiration, and then exert¬ 
ing their influence on the organised tissues, cause the affinity be¬ 
tween certain elements of the organised matter and the blood to 
become greater than that between the different elements of the 
organised matter itself. The vivification by vital stimuli, and 
the consequent separation of effete material, render the organised 
matter capable of receiving nutriment; but, in proportion as a por¬ 
tion of new matter has life imparted to it, it acquires the faculty of 
giving lif« and organisation to other matters: it does not become 
excrementitious; on the contrary, it participates in the organising 
force of the original body. 

The cause why organic substances are being constantly decom¬ 
posed and cast off from the animal body, might at first sight be 
thought to lie in the following circumstance:—In the conversion of 
the food into matters proper for the nutrition of the body, some 
substances, from containing an excess of useless elements, must be 
necessarily ejected again. Thus plants, in forming ternary vegeta¬ 
ble compounds from carbonic acid and water, give out their super¬ 
fluous oxygen. In animals, the only excrementitious matters of 
any consequence, which are quite useless in the organic system, 
are carbonic acid and the urine. The excretions of animals, it is 
true, nearly equal in quantity the matter taken into the body; but 
they are only in part entirely useless excreta: many are destined for 
particular purposes, or, as is the case with the mucus of the intes¬ 
tines and perhaps also the bile, are evacuated accidentally with 
other excreta. The faeces, again, consist partly of substances laken 
as food; whereas the urine and carbonic acid are separated from 
organised tissues, and are perfectly useless to the system. The 
urine certainly varies in its composition according to the nature of 
the food taken, and therefore evidently contains useless components 
of the yet unorganised food. But its essential composition remains 
unaltered in animals which live without food even for months, as 
many reptiles, serpents, and tortoises will do. Urea has been found 
in the blood of dogs killed ten days after the secretion of urine 
had been arrested by ligature of the nerves of the kidneys; even 
though, for several days before the operation, the animal had been 
fed only on substances perfectly free from nitrogen. The urine 
must, therefore, be a means of carrying out of the system parts of 
the organised components which have become useless; and it is 
evident that the vital actions themselves are attended with decom¬ 
position of organic matter. Thus even the pupae of insects at the 
period of their transformation, when they take no nourishment, 
afford excrementitious matter by means of the Malpighian vessels; 
and Wurzer, Brugnatelli, and M. Chevreul have shown us that 
these vessels .secrete lithic acid. The embryo of the higher animals, 
also, forms a peculiar excretion by means oftheWolfffan bodies,even 
before the kidneys have assumed their proper function. It is re- 
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markable that urea and lithic acid are excreted by many inverte¬ 
brate animals as well as by the vertebrate; thus, insects, as we have 
said, secrete lithic acid by the Malpighian vessels, and M. Jacobson 
has discovered the same substance in a special excretory organ in 
molluscous animals. We have not the most distant conception of 
the cause which renders the reciprocal action of the atmospheric air 
with the living body so necessary to life; but the hypothesis, that re¬ 
spiration supplies the elements continually required for the forma¬ 
tion of animal matter, or removes the elements superfluous to this 
compound, is refuted by the facts that most animals take the animal 
matter ready formed, and that reptiles continue to respire, to con¬ 
sume the oxygen of the air, and to exhale carbonic acid, even al¬ 
though they may take no food for months. 

The excretions which are being constantly formed by the vital 
process even without food being taken; namely, carbonic acid, 
urea and lithic acid, are incapable of nourishing other animals. 
Carbonic acid is a binary compound formed by the decomposition 
of animal matter: urea is very analogous to a binary compound, 
and is perhaps really one; at all events, Woehler has shown that 
it is produced from cyanite of ammonia with extreme ease. As 
these excretions are constant, even when the supply of nutriment 
is stopped, it necessarily follows that a constant decomposition of 
the substance of the body is essentially connected with life. It 
cannot indeed be otherwise, since it has been shown that the vital 
force is manifested in an animal only while certain vital stimuli 
produce in the living tissues constant changes in the combination 
of the elements, of which the phenomena of life are merely the 
external signs, just as flame is the appearance resulting from the 
changes effected in combustion. The impulse to these changes is 
given by respiration; the blood, undergoing a constant change by 
the respiratory process, in its turn effects constant changes of com¬ 
position in the organs to which it is distributed: from the former 
components of the tissues are formed the general products of de¬ 
composition,—carbonic acid, and the substances so rich in nitrogen 
which are found in the urine, urea, and lithic acid; and this de¬ 
composition of the materials of the body, which constantly attends 
the vital process, in its turn renders necessary the supply of new 
nutritive matters, which are subjected to the organising force. An 
organised part presents vital phenomena, and organises new matter 
only while it is subject to the constant action of organic affinity 
between the blood and the components of its tissues; by which 
action decomposition of a part of the organic matter is induced, 
while the place of this material of the tissues is again supplied by 
the action of the organic force upon the nutritive matters circu¬ 
lating in the blood. 

Sources of new organised matter and vital force .—The nutri¬ 
ment of animals consists of organic matters, animal and vegetable; 
the nutriment of plants consists partly of vegetable and animal 
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matters not wholly decomposed, and partly of binary compounds, 
namely, carbonic acid and water. It has been imagined that plants 
can nourish themselves from carbonic acid and water alone; the 
experiments of Hassenfratz, M. de Saussure, Giobert, and Link, 
have proved however that plants under these circumstances, if 
they grow at all, do so very imperfectly, and seldom flower and 
bear fruit.* It appears, therefore, that it is only when they are at 
the same time nourished by organic compounds in solution, which 
have not wholly undergone decomposition, that plants generate 
organic matter from binary compounds. 

The power of generating organic from mineral compounds can¬ 
not, however, be entirely denied to plants; for, were it not for this 
power, the vegetable and animal kingdoms would soon perish. 
The unceasing destruction of organic bodies presupposes the for¬ 
mation by plants of new organic matter from binary compounds 
and elementary substances. 

Now, by the growth and propagation of organised bodies, the 
organic force seems to be multiplied; for, from one being many 
others are produced, and from these in their turn many more; 
while, on the other hand, with the death of organised bodies the 
organic force also seems to perish. But the organic force is not 
merely transmitted from one individual to another,—on the con¬ 
trary, a plant, after producing yearly the germs of very many 
productive individuals, may still remain capable of the same pro¬ 
duction. Hence the source of the increase of the organic or vital 
force would likewise seem to lie in the organisation of new matter; 
and, if this be admitted, we must suppose that plants, while they 
form new organic matter from inorganic substances under the in¬ 
fluence of light and caloric, are also endowed with the power of 
increasing the organic force from unknown external sources, and 
that animals also in their turn generate the organic force from their 
nutriment under the influence of the vital stimuli, and distribute it 
to the germs during propagation. Whether, during life, the organic 
force, as well as the organic matter, is constantly suffering destruc¬ 
tion, is quite unknown. Thus much, however, seems certain, that, 
at the death of organic bodies, the vital force is resolved into its 
general natural causes, from which it appears to be generated 
anew by plants. If this increase of the vital principle in existing 
organised bodies from unknown sources in the external world be 
rejected, the apparently endless multiplication of the vital force in 
the processes of growth and propagation, must be regarded as a 
mere evolution of germs encased one within another, or it must be 
admitted that the division of the organic force which takes place 
in propagation does not weaken its intensity; a supposition which 
appears absurd. But the fact would still remain, that, by the death 
of organised bodies, organic force is constantly becoming inert, or 
resolved into its general physical causes. 


• Tiedemann, Physiolog. i. 218. Translation, p. 83. 
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III. OF THE ORGANISM AND LIFE OF ANIMALS. 

Differences between plants and animals .—Development, 
growth, excitability, propagation, and decay, are the general phe¬ 
nomena and properties of all organised bodies, and are the results 
of organisation; but there are other properties peculiar to animals, 
which may therefore be termed animal in contradistinction to the 
general organic properties. Sensation and voluntary motion 
are the remarkable animal properties. 

Plants, it is true, are not wholly without motion: for their or¬ 
ganisation is attended with internal movements, as in the circulation 
of the sap; their turning spontaneously towards the light, the ex¬ 
tending of their roots in the direction of the most nutritious soil. 
Some plants climb along the surface of bodies which offer them 
means of attachment, and their stamens incline towards the pistil 
at the time of impregnation. Many indeed, particularly those of 
the genus Mimosa, possess in their leafstalks a power of motion 
which can be excited by various irritants, whether mechanical, 
galvanic, or chemical—such as alcohol, mineral acids, aether, and 
ammonia,—as well as by change of temperature or light; thus 
affording another instance of the general law, that the specific ex¬ 
citable properties of organic bodies do not vary in the mode of their 
manifestation according to the nature of the stimulus which ex¬ 
cites them, but are manifested, each in its peculiar manner, on the 
application of the most different stimuli.* In the Hedysarurn 
gyrans there is, besides the general influence of light on the motion 
of the larger middle leaflet, an incessant rising and falling of the 
two lateral leaflets, independent of external stimuli; and some of 
the lovver vegetables—the Oscillatoria, for example,—present a 
constant vibratory motion. The twining of certain plants is sup¬ 
posed by Pahnt to be dependent on their mode of growth causing 
the extremity of the branches to describe circles, and thus enabling 
them to lay hold on near objects; but, however this may be, the 
fact that the Cuscuta twines only around living plants, seems to 
show that, in it, this motion is in some measure dependent on 
organic attraction; and the motions of stamens and leafstalks have 
too much resemblance to the irritability of muscles, not to be com¬ 
pared with it. 

There are then, in plants, organs which, by their movements, re¬ 
semble either the muscles or the erectile parts of animals; but there 
is this difference, that the motions of animals are produced not 
merely by the direct action of a stimulus on irritable parts, but 
also by the internal operation of parts not endowed with motion, 
namely, the nerves, on those which have motion. Dutrochet, it is 
true, has observed that, when he directed the focus of a burning- 

* Treviranus, Biologie, v. 201, 229. 

f Palm, liber das Winden der Pflanzen, p. 48. 
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glass on a single leaf of the Mimosa, the impression was propa¬ 
gated gradually to the other leaves; and he considers the false 
tracheae, or ducts, to be the organs which transmit this influence. 
But, as Treviranus justly remarks, this is a mere hypothesis; for 
other observers have perceived only the local effect of concentrated 
light, and, besides, the shock produced by the local motion may be 
sufficient to excite motions throughout the whole plant. 

Another remarkable character of a part of the motions of animals 
is, that they are excited, not merely in accordance with the har¬ 
monious action of the whole organism, but by the voluntary opera¬ 
tion of a single organ, namely, the organ of the mental faculties;—; 
they are voluntary. Irritability, again, must not be confounded 
with sensibility. Plants are irritable, but not sensible; the muscles 
also when separated from the animal body are still irritable, but 
they are not sensible. Plants cannot be affirmed to possess sensi¬ 
bility, unless they manifest consciousness. Manifestations of sen¬ 
sation and voluntary motion are the sole characteristic mark of the 
simplest animals. Compound animals have often a ramified and 
vegetable form, and are fixed by a stem to the ground; the indi¬ 
vidual faculties of the single polypes,—the voluntary motion of 
each polype,—indicate, however, that they have an animal organi¬ 
sation, [organisatio animalis multiplicata,) and by no means 
that of vegetables. The movements of Infusoria are free and 
voluntary. It would appear from the researches of Nitzsch,* that 
some vegetable and animal products of infusions are very closely 
allied to each other. Thus the Bacillaria pectinalis, and other 
species of this genus, would seem to have completely the charac¬ 
ters of plants; while other species, again, have the characters of 
animals. Ehrenberg, however, seems not to admit the existence 
of such a relation between the two kingdoms; he remarks, also, that 
the active movements of Algae should not be regarded as proofs of 
animal life, for he has never seen their moving sporules take the 
slightest solid nutriment. 

The sensations and other incitements to voluntary motion,—the 
true animal functions, in fact,—are dependent on the nervous 
system. The organs of animals manifest as great a dependence 
on the nerves as plants on light. Nerves were known to exist 
in all vertebrated animals, but they had been discovered in a part 
only of the invertebrated; and the opinion was, till recently, very 
general, that the lower animals had no nerves, and that all the 
functions of sensation, motion, and digestion were performed by 
the same particles of their simple structure. The great divisibility 
of the lower animals seemed indeed to justify, in some measure, 
this conclusion. The nerves were not known to exist in the Infu¬ 
soria, Polypifera, Ecalepha, and most of the Entozoa. But Otto 
had already described the nervous system of the Strongylus gigas, 
a worm of the kidney. In the round worm, the nervous cord 


* Beitrage zur infusorienkunde. Halle, 1817. 
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between the two vascular trunks is very evident. Mehlis has 
described the nervous system of Distoma hepaticum, Nordmann 
that of the Pentastoma and Diplozobn. There is no doubt but it 
exists in all the intestinal worms. Tiedemann discovered the ner¬ 
vous system of the Echinodermata; at least, that of the Asterias. 
Lastly, Ehrenberg* has shown the existence of a complexr struc¬ 
ture in the lowest animals, the Infusoria. In the simplest infusory 
animalcules, Ehrenberg has discovered a mouth and compound 
stomach; in others, mouth, intestine, and anus.t In the more 
perfect Rototoria, and in some Infusoria, Ehrenberg has even de¬ 
scribed, and represented very distinctly, a kind of teeth in the 
mouth, male and female organs of generation, muscles, ligaments, 
a trace of vessels and nerves, and eye-dots. These eye-dots which 
Ehrenberg believes to be real eyes, and which he has discovered 
in the Medusae and the Asterias, are of especial importance for the 
question of the existence of a nervous system in the simplest ani¬ 
mals. On the head of Planariae, in which no nervous system has 
hitherto been discovered, exactly the same eye-dots have been 
seen as exist in many Annelides which are known to have a ner¬ 
vous system; from which circumstance, and from the fact that the 
eye-dots of some Nereides are really formed of an enlargement of 
the optic nerve, with a cup-like covering of black pigment, it is 
very probable that the Planariae also, and indeed all the lower 
animals which have such eye-dots, really possess optic nerves, and 
consequently a nervous system. It becomes indeed more and more 
probable that all animals, without exception, have nerves. The 
difficulty of distinguishing them in the Asterias, and in several 
Mollusca, teaches us that we must not attribute too much import¬ 
ance to the fact that even in larger animals, such as the Actinia 
and Medusa, there are no distinct traces of this system. 

Animals are distinguished from plants, however, not merely by 
sensation and voluntary motion. These attributes necessarily 
modify the other functions which animals possess in common with 
plants. This is very beautifully set forth by Cuvier. Vegetables, 
fixed to the surface on which they grow, absorb immediately, by 
their roots, the nutritive particles of the fluids which permeate 
them; animals, on the contrary, which generally are not fixed to 
one spot, but either wholly change their situation, or at least, as 
polypedes of a solid stem, exert voluntary motion to seize their 
food, must have the means of carrying about with them the store 
of fluids necessary for their nutrition. By far the greater number 
have an internal digestive cavity, into which they introduce the 
matters intended for their nourishment, and from the parietes of 

* Organisation der Infasionsthierchen. Berlin, 1830. 

t The accuracy of M. Ehrenberg’s description of the digestive apparatus in 
his so-named Polygastrica, has recently been called in question. See Mr. R. 
Jones’s Animal Kingdom, p. 57; J. Mayen in Muller’s Archiv. 1839, p. 74; and 
Dujardin, Ann. d. Sc. Nat, 1838, Nov.; and Annals of Nat. History, May, 
1839. 
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which arise the absorbent vessels, so aptly compared by Boerhaave 
to true internal roots.* In some animals there is no anus, in others 
the existence of an intestine is doubtful. Nevertheless Mehlis 
states, in opposition to the common belief, that in the Tgenia there 
is a vessel-like intestine, commencing at the narrow oral orifice and 
soon becoming bifurcated. A well-known narrow bifurcated canal 
in the Echinorhynchus is supposed to be the intestine. There is 
another cause than that above mentioned, for the necessity of a 
special cavity for the first process of assimilation in animals; the 
food of animals requires to be dissolved. The nutriment of plants 
is already in solution, and consists partly of water holding carbonic 
acid in solution, and partly of the dissolved organic matters of the 
soil, humus. The observations of Boussingault and Payent have 
shown, that nitrogen also contributes in some important manner to 
the nutrition of plants; it being present in all parts of them, but in 
especial abundance in seeds and nascent parts. The food of ani¬ 
mals, consisting of compounds already organised, requires to be 
prepared, comminuted, and dissolved; hence digestion is a prepa¬ 
ratory assimilation of the food, peculiar to animals. 

The circulation is much more simple in plants than in animals, 
and in them it is never performed by a special organ for the distri¬ 
bution of the fluid;—they have no heart. In some simple plants, 
there is a rotatory motion of the sap in the interior of internodia 
and in cells. In the higher vascular plants. Professor Schultzef 
has discovered a continuous motion of the sap, which according to 
him is a true circulation, ascending in one vessel, and descending 
in the other; the two streams, however, communicating by cross 
branches between the different vessels. This circulation is quite 
distinct from the ordinary ascent and descent of the sap. The 
forces on which it depends are unknown. The motion of the sap 
in plants, therefore, seems to be effected, in some manner at present 
not understood, by attraction and repulsion, exerted in the leaves 
on the one hand, and in the roots on the other. It is certain, how¬ 
ever, that light exerts an attraction upon the sap, since it evidently 
determines the growth of the whole plant. 

The circulation in animals, on the contrary, derives its impelling 
force, not from external influences, but from the contraction of a 
central organ, the heart. It is still uncertain, whether a perfect 
circulation is an absolute condition for animal organisation and 
life; at efll events, in many simple animals, neither heart nor ves¬ 
sels have, so far, been discovered. 

The tissue which exists most universally in vegetables, namely, 
the cellular tissue, one function of which is the transmission of 
the fluids of the plant, differs essentially from the cellular tissue of 
animals, in consisting of closed cells, while the cavities of the inter- 

* Cnvier, Anatomie comparee, t. i. 

t Comptes Rendus. t. vi. viii. 

f Ueber den Kreislauf dea Saftes im Schollkraut. Berlin, 1822.—Die Natur 
der lebendigen Pflanze. Berlin, 1823.—Annal. des Sc. Nat. t. xxii. pp. 75, 79. 
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stitial cellular tissue of animals communicate with each other. It 
would, however, be incorrect wholly to deny the existence of cellular 
tissue with closed cells in animals; for such vegetable-like cellular 
tissue exists in many parts; such, for example, is the adipose tissue, 
which in the Ruminantia is even polyhedral; the cellular tissue of 
the vitreous humour; and that of the chorda dorsalis of embryos, 
and of the cartilaginous fishes. 

The most remarkable similarity subsists between animals and 
vegetables in the process of the development of their tissues. The 
observations of Mirbel had shown that all the forms of vegetable 
tissue are developed from cells which at first constitute the whole 
mass of the tissue, but afterwards undergo various changes in their 
shape and size, so as to be converted into the woody fibre, spiral 
vessels, &c. M. Schleiden* has more recently traced the develop¬ 
ment of the vegetable tissue at a still earlier stage. The abundant 
gum of nascent parts of plants—such as the youngest albumen of a 
seed when examined by the microscope, is seen to be turbid from 
the presence of minute molecules. Soon larger granules are also 
observed in it; around these granules, by a kind of coagulation, larger 
bodies are formed, the “ cytoblasts,” in which the above-mentioned 
granules are still visible as nuclei. When the cytoblast has attained 
its full size, a small vesicle appears on it; this enlarges and becomes 
the cell, in which the cytoblast is for a period still visible, either 
attached to its wall or free in its cavity. In some cases, the cytoblast 
seems to be permanent. It is probable, from the observations of 
animal physiologists, and particularly of Schwann, that the process 
of development and growth of the tissues of animals is exactly the 
same. Nearly all the tissues have been shown to be formed from 
nucleated cells, previously developed in a homogeneous formative 
mass. The order of development of the cell and its nucleus, or 
cytoblast, and secondary nuclei within this, as far as it has been 
observed, appears also to be the same in animals as in plants. Some 
of the tissues of animals, like the cellular tissue of plants, retain the 
cellular form, while others, like the more highly developed vegetable 
tissues, assume different forms. 

Respiration affords a very important distinctive character between 
animals and plants. In plants, and in the most simple animals, re¬ 
spiration is performed by the entire surface, but in the more perfect 
animals the surface is not sufficient for the necessary aeration of the 
fluids, and an organ is required, which in a small space shall afford 
an immense superficies for contact with the atmosphere. The pro-» 
ducts of respiration in the vegetable and the animal kingdoms are 
also different. In plants the assimilation of nutriment consists partly 
in the conversion of binary compounds, carbonic acid and water, 
into ternary compounds of the elements of these substances—into 
vegetable matter in fact. In this process an excess of oxygen remains, 
which is then exhaled by means of the leaves. The leaves, also. 


5 


• Miiller, Archiv. 1838, p. 137. 



50 


MODES OF PROPAGATION. 


absorb carbonic acid from the atmosphere, as has been proved by 
the researches of Priestley, Scheele, Ingenhonss, Spallanzani, Senne- 
bier, Humboldt, and De Saussure. By the action of the leaves, the 
carbonic acid contained in the atmosphere is decomposed; the carbon 
and a part of the oxygen combine with the plant, while the greatest 
part of the oxygen is restored to the air. During the night, and in 
the shade, as well as when they are in an unhealthy or fading con¬ 
dition, plants absorb a part of the oxygen of the atmosphere and 
exhale carbonic acid; but the quantity of carbonic acid thus exhaled 
is less than that which they ordinarily absorb during the day.* Re¬ 
spiration, then, in plants appears merely to serve for the correction of 
the assimilating process; while it also removes from the atmosphere 
a part of the carbonic acid formed by animals, and yields to it an 
abundance of oxygen. Animals, on the contrary, are nourished by 
organic matter only, not by inorganic matter; and into the composi¬ 
tion of their substance enter not only carbon, oxygen, and hydrogen, 
but nitrogen also, which in many plants is quite wanting, and in 
others exists in very small quantity. It has been mentioned already 
that nitrogen has recently been found to exist very generally, and in 
considerable quantity, in plants; one source whence this nitrogen is 
derived would appear to be the atmosphere.! From the circum¬ 
stance that a large quantity of animal matter is constantly undergoing 
putrefaction, and is thus converted into inorganic chemical com¬ 
pounds, while animals are quite incapable of generating new organic 
matter from simple elementary bodies or binary compounds, it is 
evident that plants, which have the latter power, are absolutely 
necessary to animals, just as animals on the other hand are indis¬ 
pensable for the existence of plants; for animals exhale that which 
plants inhale, namely, carbonic acid; and inhale that which is exhaled 
by plants, namely, oxygen. Hence, without the existence of the 
vegetable world, the atmosphere would become irrespirable for 
animals; while, by the reciprocal action of plants and animals, the 
composition of the atmosphere is preserved nearly absolutely un¬ 
changed. 

Lastly, plants, having only one mode of manifesting life, namely, 
by vegetation, do not require manifold organs in addition to their 
roots, stem, and leaves; and with the exception of the organs of 
fructification, present merely a repetition of perfectly similar parts, 
in all of which the simple relation of branches to leaves is the same; 
and even the sexual organs are evidently allied to the leaves, and in 
some cases are transformed into them. Moreover, a consequence of 
plants thus presenting before fructification merely a repetition of 
similar parts united by one stem is, that each of these parts has the 

* Tiedemann’s Physiology, Translation, p. 118.—Gilby, Edinb. Phil. Journ. 
1821, 7. Fungi seem to constitute an exception to the rest of vegetables in this 
respect. Marcet found that mushrooms converted the oxygen of the air into car¬ 
bonic acid, both during day and in the night. See Lindley’s Botany, p. 376, 3d 
edition. 

t See the report on M. Boussingault’s paper, in the Comptes Rendus, t. vi. p. 
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power of becoming in its turn an independent living body when 
separated from the rest of the plant: for, besides the generation by 
seed, there is here a constant propagation by shoots. The seed, also, 
is an independent part: the only essential point in which it differs 
from a shoot being, that in the seed the vegetative power is great, 
while vegetative action is very imperfect, or even does not exist. 

In animals, on the contrary, the reciprocal action of circulation, 
respiration, and the nervous system, is actually necessary to life. 
The respiratory movements are dependent on nervous influence: 
but the nerves do not exert this influence unless supplied with blood 
which has been aerated in the lungs; and the blood again is not 
sent to the different organs, and therefore not to the nerves, without 
the contractions of the heart are performed; while the heart in its 
turn is dependent on the influence of arterial blood and of the 
nerves. The brain, heart, and lungs, therefore, may be likened to 
the main wheels of the animal machine, each acting on the other, 
and all set in motion by the change of material which takes place 
in respiration. The growth of animals also is not effected by an 
external protrusion of new parts, but generally by enlargement of 
the whole animal—by increase in size of each original part, internal 
as well as external. The compound polypiferous animals afford the 
only example in the animal kingdom of the mode of growth by new 
shoots. Most animals, and especially the more perfect, do not con¬ 
stitute an aggregate of similar parts united by one trunk; on the 
contrary, they contain parts of very different vital properties; and 
this circumstance renders propagation by divsion in them impossible, 
unless, as in the case of polypes and some Annelida,—as the Nereides 
and Naides,—each of the separated portions still contains the essen¬ 
tial parts of the whole. 

In the foregoing comparisons my special object has been to show 
how the possession of new properties by animals modifies in them 
even those functions which are common to them and plants. 

Classification of the functions of animals .—The comparison of 
animals with plants suggested to the earlier physiologists their mode 
of arranging the functions of animals. 

The functions which plants and animals appear to possess in com¬ 
mon, have been called organic or vital; they have for their end the 
production and maintenance of all the separate parts in the self- 
existing whole. They are the manifestations of organic affinity in 
the operations of the organic or vital force. The functions which 
especially distinguish animal beings, namely, sensation, motion, 
thought, &c. appear to be the end of animal existence; they would 
characterise the animal, although it existed only a moment. The 
older physiologists named them animal., in contradistinction to the 
former, or the organic functions. A third series of phenomena com¬ 
prehends the processes which lead to the formation of new germs in 
an individual, and to the separation and development of these germs; 
and which, consequently, have for their object the preservation of 
the species, while the individuals perish. 
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The above mode of classification has its advantages, but it may 
give rise to misconceptions. The force which determines the develop¬ 
ment of the germ is identical with that which is the source of the 
constant preservation and renovation of the individual. The pri¬ 
mary forces of the animal body would, therefore, appear to be the 
vegetative, the motor, and the sensitive forces; but it is a question 
again whether even this is not an artificial division. 

We can conceive that the essential principle of vegetable life, 
—the vegetative force,—may be combined in animals with other 
forces, namely, with the sensitive and motor, or with the nervous 
power, if the contractile power of the muscles is regarded as de¬ 
rived from the nerves, and not inherent in themselves. It may be 
imagined that these forces are united in the germ, and that, from the 
period of development, they manifest themselves in the different 
systems of organs, which react on each other; so that the vegetative, 
directed by the nervous force, reproduces and constantly preserves 
the organs of nervous life as well as other parts, while the nerves 
again give sensibility to the parts organised by the vegetative force. 
If, however, this theory be reconsidered, it will be seen to involve 
contradictions. 

It is much more probable that these apparently distinct forces 
are merely different modes of action of one and the same “vw 
essentialis” resident in the animal, which modes of action are 
determined by the different composition of the organs. There is 
indeed an absurdity in the very idea that the nutritive force forms 
the nerves, and that the action of these nerves, when formed, results 
from a force distinct from that which formed them. The vital force 
creates in animals all the essential parts, and generates in them that 
combination of elements, the result of which is the power of motion 
and sensation, or the power of conveying impressions to a central 
part, which is also the source of the reflex actions. The organs 
endowed with the power of assimilating matters which are destined 
for the use of the indivisible whole, the organs of motion, and the 
parts by means of which a central organ receives impressions from 
all the other organs, and transmits its reflex actions, are only the dif¬ 
ferent products of this first and sole principle of animal existence,— 
the primum movens, which produces and reproduces all parts of the 
body. The first set are the organs subservient to the renovation of 
the body, the second the muscles, the third the nerves. Then there 
are also parts which receive from the creative organic force merely 
the physical properties of hardness, elasticity, toughness, &c.—such 
are the bones, cartilages, ligaments, and tendons. 

The glands, for example, by nutrition and reproduction, acquire 
the property of attracting certain parts of the blood, combining them 
anew, and separating them from that fluid. By the same process of 
nutrition and renovation, the muscles acquire the property of con¬ 
tracting on the application of certain stimuli,—a property which is 
the result of nutrition, not a special force or principle distinct from 
the organic creative force. And, in the same manner, the nerves 
receive as the result of nutrition alone the power of manifesting their 
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vital phenomena. Omitting in our enumeration those parts which 
receive from the nutritive force merely physical properties, the en¬ 
dowments of the other principal systems of the animal body may be 
indicated as follows:— 

1. Organs which change the chemical composition of the fluids 
for the purposes of the general system; such are the secreting organs, 
the blood-vessels and lymphatics, and the lungs. The peculiar func¬ 
tion performed by these organs is not nutrition, for this is performed 
in all the organs of the body, but the change of the organic combina¬ 
tion of the elements in fluids which are in contact with them, by the 
influence of organic afiinity. 

2. Muscular organs, which contract when acted upon by certain 
influences, their fibres becoming flexed in a zigzag form towards the 
spot where a change of their substance is produced, and thus short¬ 
ened. Haller has named the property possessed by muscles, of con¬ 
tracting under the influence of mechanical, chemical, and electric 
stimuli, irritability; and the irritability of Haller can be ascribed 
to no other than muscular parts, while other structures are charac¬ 
terised by the phenomena of a different kind of excitability. By 
some writers this term of irritability has been greatly misapplied; 
thus they have spoken of an irritability in the nerves, as if at one 
time their irritability, at another their sensibility, could undergo a 
change. In the living body the action of the muscles is always de^ 
terrnined by their nerves; and every cause which changes the com¬ 
position of the nerves, although but slightly, produces a discharge, 
as it were, of the nervous force; and, as the result of this, a contrac¬ 
tion of the muscles. Hence the study of muscular motions, and of 
spasmodic and paralytic affections generally, leads to the investiga¬ 
tion of the laws which regulate the action of the nerves. Motion 
accompanies all changes of composition; it takes place in the pro¬ 
cesses of formation, nutrition, and secretion, and an organic affinity 
exerted between the blood and the tissues produces the motions 
which accompany turgescence or erection. Muscles are not the 
only parts capable of motion, but they are the only organs which 
move by contraction and zigzag flexure of fibres; and all parts 
which are able to contract in this manner, although not essentially 
muscles, derive this power from muscular substance, particularly 
muscular fibres, intermixed with their tissue; such parts are the 
efferent ducts of glands, which are distinctly contractile. The tissue 
which gives the dartos its power of motion may be supposed to 
contract by the inflection of its fibres, though of this we have no 
proof; but, after all, we may doubt that muscular fibres in all cases 
shorten themselves by zigzag inflection.* 

3. The nerves are in part motor,‘iiT^art sensitive. The motor 
nerves are those which, under the influence of changes in their con¬ 
dition so slight as to elude the perception of the observer, excite 
motions in the muscles. The sensitive nerves are those which have 
the faculty of communicating every change of condition which they 

* See the Chapter on the Muscular and Allied Motions. 
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undergo to the brain, the central organ, from which, again, certain 
influences are transmitted through them to all the other organs of 
the body. Many nerves, arising from the brain and spinal marrow, 
are, while in connection with these organs, voluntary exciters of 
motion in the muscles; while, under the influence of a change in 
their condition, whether the connection between them and the brain 
and spinal cord is still maintained or not, they may become exciters 
of involuntary muscular contractions. Those parts, on the contrary, 
which are endowed with motion, and are dependent on the sympa¬ 
thetic nerve, are withdrawn from the power of the will, and are 
only, in a certain degree, dependent on the brain and spinal marrow, 
through the medium of the connection of the sympathetic nerve with 
cerebral and spinal nerves. It is in the nerves that the mobility of 
the organic forces, without motion of the ponderable masses, is most 
manifest. Their operation is necessary for the exercise of all the 
functions of the body; since all parts of the system, through the me¬ 
dium of changes produced in the nerves, react on the brain and 
spinal marrow, and receive from these organs certain influences ne¬ 
cessary for their peculiar actions. 

These systems of organs are interwoven in different ways one 
with another. The sensibility of any part is owing solely to the 
nerves which enter into its composition: the organs which serve to 
produce chemical changes in the fluids, if contractile, are so only by 
virtue of the muscular fibres which they contain; and whenever 
there is a secretion of fluids in a part endowed with other distinctive 
vital properties, a peculiar tissue for the purpose always exists there; 
such, for example, is the case in the organs of sense, in which fluids 
are secreted by special tissues. 

Organic attraction .—The reciprocal action of the foregoing 
systems of organs, and their nutrition by the blobd, cannot take 
place without the manifestation of affinity in the ponderable and 
imponderable matters, together with organic attraction. A know¬ 
ledge of the laws of this attraction would be of the greatest im¬ 
portance; but the facts relating to it with which we are acquainted, 
although remarkable, are very few in number; such are the attrac¬ 
tion of the blood to parts which are capable of erection, and which 
are at the time in a state of excitement, and that remarkable co¬ 
alescence of two germs by which in part double monsters are to be 
explained. Such a union of the germs could not have taken place 
without an attraction having been exerted between similar parts; for 
in almost all cases the monsters are united by their corresponding 
parts, face with face, snout with snout, either by the anterior or 
lateral surface, occiput with occiput, either by the middle or side, 
neck with neck, breast with breast, or merely belly with belly, or 
side with side, or merely buttock with buttock; the uniting parts of 
the two embryos, in these cases, always becoming single, while the 
cavities of the two are double. A single actual observation of this 
organic attraction between minute parts would be of the greatest 
importance. But all my endeavours to obtain this desideratum by 
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experiment have been fruitless: I placed the nerve of a frog exposed 
and dissected out under the microscope, and watched the end of the 
nerve while surrounded by blood-globules; again I placed some 
semen of the frog with portions of the unimpregiiated ovum under 
the microscope; but in neither case could I perceive anything like 
organic attraction. 

Animal excitability .—The laws of the excitability of organic 
beings generally, have been investigated in a former section; and 
the relations which the vital stimuli bear to the manifestations of life 
have been there determined. The laws of the excitability of ani¬ 
mals will be now more particularly set forth, although in the present 
state of science it is scarcely possible to throw any light upon this 
difficult problem, a knowledge of which is so desirable, since it is 
here that practical medicine has much to expect from physiology. 

Whether the vital principle or organic force is the result of the 
combination of ponderable and imponderable matters, or itself de¬ 
termines and maintains the peculiar composition of organic matter, 
it is an ascertained fact, that under certain circumstances this force 
becomes strengthened in particular organs, the action of which then 
becomes greater and more continued; as is observed in the genital 
organs during pregnancy and the sexual ardour. Thus also the 
organic force is observed to become less in the antlers of the stag 
just before they fall off, and to be again increased when they are re¬ 
produced in an organised state. An accumulation of organic force 
in a part is accompanied by an increased afflux of blood, and a more 
abundant conversion of blood into organised matter. Tiedemann 
remarks, that while an organ is in an excited state, the chemical 
changes in its substance go on more rapidly, and that it therefore 
attracts more quickly, and in larger quantity the blood, which alone 
is able to render a part capable of increased vital action.* When, 
on the other hand, any organised part has suffered a lesion from 
change in its composition, in that case also if the change in the 
organic matter has not been too great, increased action ensues for 
the purpose of restoring the healthy state. Organised beings have 
the power of preserving in all parts the composition necessary for 
the life of the whole. When the composition is disturbed, the cura¬ 
tive effect of this power is manifested. This is a necessary conse¬ 
quence of the law, that in organic bodies there is a constant striving 
to counteract chemical affinities. Hence the increased flow of blood 
to an injured part arises from the organic action in it being increased. 
The antagonism of the increased organic process, and of the com- 
inencing tendency to decomposition in the part, is seen in inflamma¬ 
tion. Inflammation is not essentially a state of increased action, but 
is compounded of the phenomena of the local injury, a tendency to 
decomposition in the part and increased vital action striving to 
balance the destructive tendency. When the degree of change of 
composition in the animal tissues is greater, reaction does not ensue. 


♦ Tiedemann, Physiologie, i. 326. 
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and inflammation is not produced; such is the case in death by nar¬ 
cotic poisons. When inflammation does occur, the change produced 
by the injury may soon become so great that the organic reaction is 
not able to counterbalance it, and local death ensues. 

These and many other cases, even the fatigue and exhaustion 
which follow great exertions, show that the organic force is con¬ 
sumed by the exercise of the functions. This circumstance is evi¬ 
dent even after death; for if we take two similar portions of muscle 
of an animal just killed, and excite in the one slight contractions 
Avith a knife, while the other is left unirritated, the first portion will 
lose its irritability sooner than the other, and the difierence will be 
proportionate to the number of contractions which have been ex¬ 
cited.* In the same way every impression of light deadens the 
power of vision in some degree, and an equal stimulus immediately 
afterwards does not produce an equal reaction; the eye requires 
rest. 

This might be explained by supposing that a part of the organic 
force is exhausted in balancing the changes of composition produced 
by the stimulus. But exhaustion also ensues when the action of an 
organ is increased without any external stimulus, if the organic force 
is not increased at the same time. It appears, therefore, that the 
very action or exercise of organs produces a change in their compo¬ 
sition. It may be that the constant change which is produced in the 
organic substance by the action of the arterial blood, and which is as 
necessary to life as the decomposition of the burning matter is to the 
phenomenon of combustion, is accelerated or increased by the action 
of the organ, while the renovation from new nutritive matter does 
not take place with proportionate rapidity, and can only be effected 
gradually during rest. At all events, the more exercise a man uses, 
the more active in general seems to be the decomposition of the 
matters in his body, and the more need has he for nutriment. But 
men and brutes that have died after very violent exercise, as in the 
instance of a stag hunted to death, undergo putrefaction much sooner 
than animals bled to death. Autenrieth,! who makes this remark, 
also adduces the fact, that a muscle taken from an animal before 
irritability had ceased, putrefies much sooner if stimulated to frequent 
contractions, than if left at rest. In the functions of the nervous 
system especially, rest is so necessary, that even the life of the most 
tranquil requires sleep, which comes on while the causes which 
excite the nervous system to action, namely, the external stimuli, are 
still in operation; the nervous system being rendered insensible to 
their impression, owing to the change induced in it by its state of 
activity. 

The constant re-animation of the tissues by the general vital 
stimuli, ordinarily renders them capable of a proportionate exercise 
of their functions; but if their action is increased and accelerated, 

* Autenrieth, Physiol, i. 63. 

t Physiol, i. 115. See also Humboldt viber die gereizte Muskel vind Nerven- 
faser. 
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subsequent rest is necessary to restore as much power for new action 
as has been thus exhausted. 

Generally, in a healthy state, just as much power is generated in 
a certain space of time as has been exhausted by the exercise of the 
functions; but there are cases in which the nutrition of the organ 
becomes gradually increased, while the state of action is either equal 
and regular, or alternates with rest. This is the case more especially 
in youth, because the affinity of the tissues for the vital stimuli 
seems, for reasons already stated, to be greater when the develop¬ 
ment is less complete: but, cseteris paribus, the power of an organ 
is always increased by exercise, not carried too far, and alternating 
with rest; while rest alone often induces weakness. This alternation 
of exercise and rest is the means by which a gradual increase of our 
strength is to be acquired. Life generally is attended with decom¬ 
position of organic matter; and in the same way, perhaps, the action 
of an organ is attended with decomposition of a part of its material, 
while another part becomes more intimately combined, so that, 
although an organ really loses matter by its state of action, still the 
same action renders it more capable of attracting new material and 
of strengthening itself. But when the action is repeated too fre¬ 
quently and violently, the renovation of material is less than the 
waste, and exhaustion ensues. This is the case when the vital force 
is consumed, or rendered inert, by increased action, more quickly 
than renovation can be effected. The exhaustion is so much the 
greater, the more numerous and the more important the parts of 
which the action is frequent and violent. Thus, for example, in the 
act of coition, nearly the whole nervous system is thrown into a state 
of activity, attended with consumption of vital force. The exhaus¬ 
tion of vital energy is also greater in proportion as the action of the 
organ is attended with the transfer of something from itself to an¬ 
other part, as seems to be the case in the action of the nerves, or 
with a real loss to the whole system, as in the case of increased secre¬ 
tions; for example, of the milk. The momentary state of inertness 
of the vital force after action, and its gradual restoration, are seen in 
parts of frogs even when separated from the body; the irritability 
being restored probably by the action of the blood still contained in 
the part, as well as by that of the air on the tissues. Thus, the re¬ 
peated application of galvanism to the leg of a frog separated from 
the animal exhausts its irritability, which is again restored after a 
certain interval of rest. 

If an organ is very rarely called into action, its power is not re¬ 
stored by rest in the same degree as when it is subjected to more 
frequent exercise. The eye, for example, requires rest after being 
in action: but by alternating exercise and rest it is strengthened. If 
the eye is kept long in complete rest, it will have acquired great sen¬ 
sibility; but the vital force will have become weaker in proportion 
to the time that it has been left without exercise; and a sudden 
strong impression of light will be sufficient even to blind an eye 
which has been thus kept long in darkness. Muscles lose much of 
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their motor power from want of exercise; the power of the muscles 
of the ear, for instance, is lost from this cause.* 

Reaction, Irritation, Stimulus or Irritant. —Thus far we have 
considered, but only in a general manner, the changes which the 
organic action and activity of animals undergoes. The operation of 
external influences in producing these changes will now be investi¬ 
gated. The external “ vital stimuli’^ are not the only agents which 
give rise to vital actions; everything which disturbs the elementary 
composition of organs and the balance in the distribution of impon¬ 
derable matters in the organic tissues, may also modify the action of 
the organism and of the separate organs. Such a modification when 
considerable is called reaction; the influence which produces this 
reaction in the organism is called irritation; and the cause exciting 
the irritation a stimulus or irritant. The reaction is always a vital 
phenomenon, a manifestation of an organic property of the animal 
system. The property of reaction, that of being excited to the mani¬ 
festation of some inherent power on the application of an external 
influence, is not confined to organic beings, and still less to animals. 
Light and warmth are developed from many inorganic bodies, under 
certain circumstances, as, for example, by a blow. In these cases it 
is probable that the light and caloric existed in the bodies in a com¬ 
bined state, and are set free by the action of the external influence. 
A still better instance is afforded by elastic bodies, the minute par¬ 
ticles of which have such an attraction for each other, that an attempt 
to displace a portion of them acts upon the whole; and by the power 
of attraction between them a restitutio in integrum ensues, accom¬ 
panied by the phenomena of elasticity or sonorous vibrations. But 
no inorganic bodies are so uniform in their mode of reaction as 
organised bodies, which, under disturbing influences, however va¬ 
rious, always manifest similar phenomena. The uniformity in the 
mode of reaction of organised bodies arises probably from their inhe¬ 
rent fundamental property of counterbalancing disturbances in their 
composition, by a force which, in the healthy state of the body, is 
much stronger than the disturbing cause. The force which restores 
the balance in the composition of the tissues after such a disturbance, 
is identical with that which preserves all the properties of a part 
during the constant process of nutrition and renovation of material. 
The phenomenon which ensues on the restoration of the balance, is 
constituted partly by the change produced by the external cause, 
and partly by the effort exerted to restore the balance. Dutrochett 
maintains that all stimulants produce the same change in the organ¬ 
ism,—that they modify the state of oxidation of the organic matter 
on which they act; the stimulant, he says, acts simultaneously on the 
oxygen and the organic matter, causing them to unite. Ingenious 
as this theory is, it is at present a mere hypothesis; as is also the con- 

* Autenrieth, Physiol, i. 104. 

f Froriep, Notizen, 724. Seances de I’Acad. d. Sc. Jan. 30, 1832. 



REACTION OF ANIMAL BODIES. 


59 


elusion that Dutrochet comes to, namely, that excitability is really a 
state of susceptibility of oxidation. 

Irritation of an organ must always be attended with some change 
in its component matter. Such a change must indeed be presumed 
to occur even in the effect of the stimulus of light upon the eye. 
Light appears to enter into the composition of many bodies, and 
produces chemical changes, which are evident in several chemical 
preparations, and even in plants, in which light causes the develop¬ 
ment of oxygen. The immediate effect which a stimulus produces, 
varies with the nature of the stimulus and of the body irritated; thus, 
it may be compression or a chemical change. But the secondary 
effect—the effort to counteract the former—is quite independent of 
the nature of the stimulus; it is not mechanical or chemical, but is a 
manifestation of the vital property of the organ, such as sensation of 
pain, or inflammation, or spasm. Caloric, electricity, and light are 
imparted to organised beings according to the general laws of phy¬ 
sics; but in the “restitutio in integruni*’ there always arises, at the 
same time, a vital action, which differs in its kind according to the 
part that has undergone the change; and, until the part is restored 
to its natural state, the phenomena observed are compounded of the 
operation of the stimulus and the reaction which it has excited. 
Chemical substances also produce a change in organic bodies, and 
have a tendency to form binary compounds with their elements. If 
this occurs,—if the organic affinity is not able to counteract the 
chemical agency,—a chemical product is formed, at the same time 
that the life of the part is destroyed, as is observed in the case of 
burns, and of the application of mineral acids or a caustic alkali. 
But the organised structure, in the part thus acted upon by a chemi¬ 
cal agent, while it retains its life, and on the boundaries of the part 
after its death, manifests the organic properties peculiar to it, such as 
sensation, motion, or inflammation. 

Not merely, however, does the reaction of animal bodies conse¬ 
quent on the application of external stimuli, differ from that of inor¬ 
ganic bodies, in its being manifested by vital properties; but also 
these vital properties themselves vary according to the nature of the 
organ and of its composition. Thus, for example, mechanical, che¬ 
mical, or electrical stimuli applied to a muscle, all produce in it the 
same mode of reaction, namely, motion; while all stimuli applied to 
a sentient nerve excite only sensation, which is very different in 
different nerves, even though the exciting cause be the same; and, 
again, it is always the same in the same nerve, though the exciting 
causes be different. Mechanical and electric stimuli excite, in the 
optic nerve, the perception of light, which is the peculiar property 
of that nerve, and seem to exdte no pain; while pain, and not the 
perception of light, is the constant result of irritation of a nerve of 
common sensation. In the same way, mechanical and electric sti¬ 
muli produce in the auditory nerve the perception of sound, and 
electricity excites in the olfactory nerve the sensation of smell. The 
anterior roots of the spinal nerves when irritated mechanically or by 
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galvanism, give rise to no sensations,* but to muscular contractions; 
while the posterior roots of the same nerves, under similar circum¬ 
stances, excite sensations only, and no contraction of muscles. By 
ascertaining the mode of reaction peculiar to all parts of the body, 
physiology acquires an empirical knowledge as certain as any pos¬ 
sessed by the other natural sciences. 

In quite diflerent states of disease of the same organ, the symptoms 
are often very similar; for, in a state of excited action, as well as in a 
state of irritation with diminished power, the organ will manifest the 
vital properties peculiar to it. There are certain groups of cerebral 
symptoms, and of symptoms of cardiac disease, which occur in very 
different morbid conditions of the brain and heart respectively. We 
may here remark upon the folly of the homoeopathists, who imagine 
that they cure disease by means of substances which produce states 
of the system resembling the disease; while they either do nothing 
whatever, or nature applies the remedies otherwise than the homoeo- 
pathist imagines. The fact of two substances producing similar 
symptoms in an organ, does not prove that their modes of action are 
identical, but merely that the organ on which they act is the same. 
Syphilis, and the mercurial disease, may be essentially very different; 
and yet they so far resemble each other that certain organs are 
affected by both. Mineral acids and alkalies, also, are^ equally de¬ 
structive to the organised tissues, and nevertheless no one will assert 
that they are “similia.” Mercury, by inducing a slight change in 
the organic matter of the body, may render it unfit for propagating 
the destructive progress of syphilis; and then the natural vital pro¬ 
cess, and not the mercury, efect the further cure. 

The action of an organ being excited by stimulants, and every 
increase of action without simultaneous increase of organic force 
being attended with exhaustion of this force, stimulants themselves 
must exhaust, or, as it were, consume the organic power; and unless, 
like the general vital stimuli, they have at the same time a restora¬ 
tive action, a temporary cessation of the action they have themselves 
excited will follow, although their influence be continued. Hence 
the periodic character of many vital phenomena. A contractile 
organ, containing a matter which stimulates it mechanically or che¬ 
mically, contracts. By this act of contraction the part is rendered 
incapable, for a moment, of again contracting with equal strength; 
but the excitability is gradually restored, and the stimulus, which is 
constant, becomes again effective; and so the contractions are repeated 
from time to time. This intermittent action is seen in the undulations 
of the iris under the influence of an equable light, in the periodic 
contractions of the rectum, intestines, stomach, heart, uterus, urinary 
bladder, and of the muscles which expel the contents of the urethra 
in coitu. The stimulus to contraction is, in many of these cases, 
external,—a substance contained in the cavity of the organs, such as 

* Recent experiments of M. Longet and M. Magendie seem to show that the 
anterior roots of the spinal nerves derive some sensibility from their connection 
with the posterior roots. See the Chapter on the sensitive and motor roots of the 
spinal nerves. 
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urine, foeces, &:c. It appears, however, also to be frequently internal 
or inherent, to be derived, for instance, from the nerves; as in the case 
of the heart, the rythmic contractions of which seem to be dependent 
on nervous influence, and are not wholly and primarily due to the 
periodic stimulus of the blood in its cavities; for the contractions con¬ 
tinue when the organ is cut out from the body and empty of blood. 
In this case the stimulus of the blood is not replaced by that of the 
air, for the action continues in a vacuum. 

A stimulus too often repeated, deadens the excitability of the 
organ, and renders it insensible to the same stimulus for a long time 
afterwards. Hence may be explained a part of the phenomena 
observed in the eifects of habit. Many things, to the action of 
which after long repetition we become thus insensible, produced at 
first not merely the phenomena of excitement, but ultimately a 
durable structural change, whence alone their subsequent inefiicacy 
can be explained. 

Classification of medicinal agents .—As the modifications pro¬ 
duced in the composition of the organised tissues, by the numerous 
agents and substances to the influence of which the organism is 
exposed, vary so indefinitely according to the nature and composition 
of these agents and substances; and as we are unable to determine 
the nature of each modification, it is impossible to bring the sub¬ 
stances used in medicine under a good general arrangement. View¬ 
ing them generally, however, there can be but three principal modes 
of action, and three classes of agents. 

1. Stimulants .—The true and most important stimuli are, as I 
have already shown, the vital stimuli themselves, the constant ope¬ 
ration of which on the tissues is the sole cause of the manifestation 
of life, and of the increase of the vital force. The vital stimuli, 
namely, 'a certain degree of external heat, atmospheric air, water, 
and nutriment, not merely produce a change in the composition of 
the organic structures, and stimulate, by disturbing the balance in 
the system, but they renovate the tissues by entering, in a manner 
indispensable to life, into their composition. These influences, which 
are constantly in action, and which, while they stimulate, leave no 
exhaustion after them, are the only efficient means for restoring the 
powers of the body after sickness. There are many other stimuli 
which excite reaction, but which are not essentially renovating, and 
indeed for the most part have no restorative action on the organs; 
and which, except in producing symptoms or phenomena of reaction, 
have no vivifying influence; but, on the contrary, they are injurious in 
proportion to the change effected by them in the organic composition. 
An endless injury has been done to medicine, and many lives have 
been lost, through the error of confounding all agents which excite 
reaction in the system with those which are absolutely essential to 
life, and which renovate while they stimulate the organs; the false 
notion having been thereby induced, that, because certain stimuli 
feed as it were the flame of life, stimulating agents generally are 
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necessary to life.(«) There are, however, some agents, in addition 
to the general vital stimuli, which, under certain conditions, exert a 
local, vivifying, and strengthening influence, either by restoring the 
composition of the organ, or by so changing its composition, that the 
renovation by the general vital stimuli is facilitated. All this, how¬ 
ever, depends on tile state of the diseased organ; and the cases in 
which the so-called stimulant and tonic remedies have really their 
supposed elfect, are very rare. On the other hand, many patients 
have been stimulated to‘death by a host of remedies which, under 
the circumstances of the case, or in all cases, do indeed stimulate, 
but produce only a tumult in the system which they fail to strengthen. 
Those substances which, under certain conditions, have a vivifying 
influence, also act, according to their composition, more especially 
on particular organs, and form natural groups according as their 
principal action is on the nervous system, for instance, or on the 
organs destined to effect changes in the blood. Several of these 
agents are imponderable matters, such as electricity, which has been 
used with success in paralytic affections. Caloric, that agent which 
is necessary in the development of the embryo, has also an eminently 
vivifying influence in states of disease, when other means are fruit¬ 
less; for instance, in atfections of the nerves and spinal cord,— 
paralysis, neuralgia dorsalis, and commencing tabes dorsalis; the 
application of heat being made in the form of moxa, and frequently 
repeated, even by a new moxa on the old granulating surface: the 
application of a single moxa is mere trifling. A much more durable 
impression of heat, better than moxa or the actual cautery, is pro¬ 
duced by holding a burning candle near to the affected part for a 
long time, so as to cause pain; by which means all the beneficial 
effect of heat is obtained,.without the formation of an eschar and the 
subsequent suppuration, which is often of no service. The mode 
in which the caloric acts in these cases, is not evident; m'oxas are 
beneficial in diseases of the spinal cord, only when applied close to 
the spine, while pain may be excited in any part of the body. 

Mechanical influence by frictions acts under certain circumstances 
as a vivifying stimulus; it has this effect, probably, by inducing 
slight chemical changes in the composition of the tissues, as a con¬ 
sequence of which their affinity for the general vital stimuli already 
in the organism is increased. 

On the other hand, all agents of this kind, as well medicinal sub¬ 
stances as caloric, electricity, and mechanical influences, such as 
pressure, contusion, &c., may, when their action is excessive, have 
the very opposite of a vivifying effect, and produce such a violent 
change in the organic matter, that the combinations necessary to life 
cannot be maintained: hence these influences are special stimuli, 
vivifying only under certain conditions. They exert a vivifying 

(a) From this confounding under one head different kinds of stimuli, have 
arisen pernicious abuses in hygiene, the worst of which was, converting alcoholic 
stimuli into substances of daily use, and attributing to them the power not only of 
strengthening but of renovating the organs—a doctrine false in physiology and 
eminently destructive in practice. 
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influence when their action on the organic matter favours the pro¬ 
duction of the natural composition of the parts. They may, there¬ 
fore, be termed homogeneous stimuli; while all other stimuli, which 
only disturb the natural composition of the body, and with it the state 
of the vital powers, may be termed heterogeneous stimuli: these 
have no vivifying influence, but are rather injurious to life. It must, 
however, be remembered that every homogeneous stimulus, when 
used under improper circumstances, becomes a heterogeneous stimu¬ 
lus. Stimulants then would seem to be divisible into, 1. general 
vital stimuli; and 2. special stimuli: and these last again into a, the 
homogeneous; and 6, the heterogeneous. I have already mentioned 
that Dutrochet supposes that true stimuli act by favouring and 
accelerating the combination of oxygen with organic matter. It 
is probable, that the action, at least of several stimuli, depends on 
their having the property of strengthening the affinity between the 
organic substance and the blood, {which, by its passage through the 
lungs, is itself rendered a vital stimulus,) and thus of increasing and 
accelerating the changes produced in organic matter by the oxygen 
in the blood. 

In cases of rapid sinking of the vital force, all our stimulant reme¬ 
dies are of no avail; and the greater number of them merely excite 
the system, and do not add to its strength. 

2. Alteratives .—A great number of substances are important as 
therapeutic agents, from their producing a chemical change in the 
organic matter, the result of which is, not an immediate renovation of 
material and an increase of vital force, but a removal of that state 
of combination of the elements which prevented healthy, or caused 
diseased action. Perhaps the chemical change produced is such as 
to render the organ no longer sensible to a morbid stimulus; or it is 
such that certain apprehended destructive changes of composition 
are no longer possible, as in the antiphlogistic plan of treatment; or, 
lastly, these substances produce a change in the nutritive fluids. 
Such substances are alteratives. By these remedies an organ mor¬ 
bidly changed in composition cannot be rendered sound, as though 
by a chemical process; but such a slight chemical change can be 
produced as shall render it possible for nature to restore the healthy 
constitution of the part by the process of nutrition. These “alter¬ 
atives,” again, may be divided into two principal kinds, according 
as they act chiefly on the nervous system or on the other organs 
dependent on that system. Among those of the first kind, the most 
important are the so-called narcotics; those of the latter kind com¬ 
prehend the numerous medicines which exert their action on diseases 
in other organs than those of the nervous system. These remedies, 
also, by removing the obstacles to cure, become indirectly vivifying 
or renovating stimuli, and they may themselves, by disturbing the 
balance in a part, produce symptoms of irritation. If used in excess, 
they either give rise to the injurious effects of the heterogeneous stimu¬ 
lants, or by inducing a sudden change of composition, annihilate the 
vital force, as is the case with narcotics. Since, however, such altera- 
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live medicines aiFect, each in its own way, the composition of an 
organ, one alterative may, after a time, lose its influence, while the 
organ thus saturated, as it were, with the remedy, may still be suscept¬ 
ible of the influence of another. The practice of medicine affords, 
in innumerable cases, a confirmation of this statement. By the con¬ 
tinued use of an alterative medicine, the composition of the organ 
will have suffered such a chemical change, that the same affinity 
for this substance no longer exists in the organism, while an affinity 
for another substance may still remain. Imponderable matters also 
are in this way alterative; thus the eye, after being long, fixed on a 
green surface, loses gradually its sensibility for this colour, which 
becomes dull and grey. At the same fime, however, the sensibility 
for the red rays is increased. So, also, a long exposure of the retina 
to the red rays makes it susceptible of the green. In the same way, 
by fixing the eye for some time on yellow, the sensibility for that 
colour is lost, while the perception of violet becomes more intense, 
and vice versd; the same relation exists between blue and orange. 

3. Agents which destroy the organic composition. (Decom¬ 
posing agents.)—These are substances which, without first pro¬ 
ducing a stimulant or simply alterant effect, directly destroy the 
essential composition of the organised tissues. Some of the agents 
which are “stimulants” when they operate gently, produce by a 
more violent action too great a disturbance of the powers of the 
part; such are heat, electricity, &c. Others are “alteratives,” which 
by an extreme degree of their action produce great changes in the 
composition of the tissues, forming with the organic matter combi¬ 
nations which the organic force is not able to counterbalance. It is 
in this v/ay that narcotic alterants \icvKe, a destructive action; 
and those alterants which modify the formation of the fluids of the 
body, and the organic changes effected in them by different organs, 
—for example, the antimonial and mercurial preparations, and the 
mineral acids and alkalies,—have, when in a concentrated state, an 
equally destructive influence on the organic composition. Stimu¬ 
lants can produce disorganisation in two ways. Some agents are 
stimulants only when their action does not surpass a certain degree 
of intensity; and, when their action is more violent, instead of reno¬ 
vating the organic composition and force, or even favouring this 
renovation by exciting new affinities, they produce immediately an 
essential change of composition. In this case no irritation or reac¬ 
tion precedes the local or general death; the disorganisation is imme¬ 
diate, as in death from electricity, lightning, &c. Other stimuli, 
which under certain conditions have a renovating action, may have 
a destructive effect by exciting the action of an organ during too long 
a period: more force being exhausted than can be restored again in 
an equal space of time. This action is called over-excitement. An 
organ thus over excited, as, for example, the eye by light, is rendered 
permanently weaker. The decomposing agents are used in medicine 
only when it is wished really to produce destruction of a part. 
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Theories of Brown and of the advocates of Contra-stimulus .— 
John Brown, who, by the discovery of some of the laws of excita¬ 
bility, was enabled to give in his ^'■Elementa Medicinae^’ the first 
hint for a scientific system of medicine, though in a form which was 
crude, and dangerous in its application to practice, had as little ac¬ 
quaintance as his followers with the mode of action of alterative 
medicines. According to Brown’s theory, no change can take 
place in the state of the excitable parts without previous excitement; 
and it is only by over-excitement that the excitability, together with 
life, can be exhausted. The Brunonians were obliged to maintain, 
that, whenever exhaustion was produced by any agent, absolute 
over-excitement had preceded this exhaustion. As proof of this 
assertion, they adduced the facts, that many substances administered 
in small quantity stimulate, in larger quantity produce quite a dif¬ 
ferent state, and in still larger quantity cause exhaustion. The efiects 
of opium furnished them with their chief illustration. When ex¬ 
haustion is produced, they supposed the period of excitement to be 
extraordinarily short and imperceptible. They explained the action 
of all agents which rapidly produce exhaustion in the same manner. 
But there are many substances which, even in small quantities, pro¬ 
duce these disorganising effects in a slighter degree; such are the irre- 
spirable gases, the poison of the viper, &c. The promulgators of 
contra-stimulus^ Rasori, Borda, Brera, and Tommasini, perceiving 
this defect in the Brunonian theory, gave the name of contra-stimu¬ 
lants to those substances which, in place of stimulating, have the very 
opposite efl'ect,—that is to say, diminish the excitability of parts; and 
hence they have divided their medicines into stimulants and contra- 
stimulants. But, although they have not overlooked the great error 
of Brown, they have failed to recognise that alterative action of many 
medicines which has been pointed out in the preceding pages. 

The distinctions made by Brown originate in a very partial ap¬ 
plication of some well-grounded laws of excitability, and in the 
error of confounding renovating vital stimuli with substances which 
modify the action of organs and their healthy composition, and 
which in that respect stimulate, but do not renovate at the same 
time. A narcotic—that is, an alterant of the nervous systeni—may 
from the commencement to the end of its action produce symptoms 
of excitement: by changing the organic composition, it acts upon, 
that fundamental property of the organism in virtue of which 
external influences determine it to action in accordance with in¬ 
ternal laws, or, in other words, stimulate it. But this is not a stimu¬ 
lant in a therapeutic sense; by which is understood an agent that 
vivifies the organs, and renovates their composition. 

John Brown divided diseases into the sthenic and the asthenic. 
In the former he supposed the vital force to be increased; in the 
latter, diminished. But to speak of a disease with increased vital 
power involves a contradiction: diseases present merely an endless 
variety of defects in the composition of organs, in which the general 
forces at one time fail from the very beginning; at another time, are 
present at first, but afterwards become depressed. The best mode 

6 * 
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of arranging diseases, therefore, is founded on the different systems 
of organs affected, and the types of disease established by their 
natural history. Physicians have always been inclined to regard 
inflammation as a disease with increased vital power. Certain pro¬ 
perties of the body are increased in an inflamed part,—for exam¬ 
ple, heat;—the quantity of the blood in the capillaries is greater, but 
other conditions of the part are altered; while the function of the 
organ is interrupted, and the sensations indicate a violent lesion. 
The exciting cause of inflammation produces a chemical change in 
the composition of the affected organ: it is in this way that inflam¬ 
mation is produced in the practice of medicine by chemical agents. 
A chemical affinity, an attraction, may arise between the blood and 
the tissues thus chemically changed. This new affinity may be greater 
than that of the healthy state. But whether the increased affinity be¬ 
tween the tissue and the blood in inflammation be merely a greater de¬ 
gree of the natural organic attraction, such as is observed in certain 
healthy phenomena, as in all those of turgescence,—or whether it is 
essentially different from the organic attraction, and is a newly arisen 
chemical affinity between the disorganised matter and the blood,— 
cannot with certainty be determined. But even if the increased 
affinity between the blood and the organic substance be really a 
greater degree of that reciprocal action which is constantly going on 
between the blood and the tissues, still inflammation is not a disease 
of increased vital power; for the phenomena of inflammation arise 
as much from the existing tendency to decomposition excited by the 
chemical change, as from the reaction of the tissues to oppose this 
destructive tendency. 

The intimate reciprocity of action which exists between all parts 
of the organism, especially through the medium of the nervous sys¬ 
tem, produces in animal bodies a kind of balance (Statik) of the 
forces; whence it results, that an exciting cause of disease acting on 
one part, by changing the state of the ponderable and imponderable 
matters in it, often exerts its influence through a series of such 
changes on distant parts, which are most susceptible of this form of 
disease. The withdrawal of matters at one point prevents the accu¬ 
mulation of similar or different matters at another spot, on which is 
founded the use of evacuating means at parts of the body distant from 
the disease. Still more, the increase of vital action in one organ ex¬ 
cites many others: hence the connection of the increased vital action 
in the genital organs with the reproduction of the antlers in the stag, 
and with changes in many organs in man, which changes, both in 
the stag and in man, are prevented by castration.(«) The applica¬ 
tion of renovating stimuli, also, to one part, has a vivifying influence 
on the whole system; reacting from the skin, for example, on the cen¬ 
tral organs of the nervous system through the medium of the nerves; 
whence arises the successful use of frictions and other stimulants to 
the skin, for the restoration of suspended animation. 

(a) The illustration would have been more complete by the author’s including 
the cerebellar changes in the circle of newly associated actions. 
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IV. OF THE PHENOMENA, OR ACTIVE PROPERTIES, COMMON TO 
INORGANIC AND ORGANIC BODIES. 

Organic bodies participate in the general properties of ponderable 
matter. The laws of mechanics, statics, and hydraulics, are also 
applicable to them. Several of these properties, which organic 
matters may possess in common with inorganic substances, such as 
cohesion, elasticity, &c. exist, however, only while the essential com¬ 
position of the part is maintained by the continued operation of the 
organic force; thus the elastic coat of the arteries loses its elasticity at 
a certain period after death, if it is allowed to putrefy. The applica¬ 
tion of the laws of mechanics, statics, and hydraulics to the actions 
of organic bodies is also limited, from the circumstance that the 
causes of motion most at work in these latter are essentially vital in 
their nature. The imponderables, also, namely, electricity, caloric, 
and light, are developed by organic bodies. It is these matters that 
we must here particularly consider. 

1. Development of electricity. 

Sources of electricity .—The electricity excited by friction is well 
known to be developed with remarkable facility from many sub¬ 
stances of organic prigin. Galvanism, or the electricity of contact, 
is produced not merely by the contact of heterogeneous metals, but 
by means of many other substances, particularly carbon and graphite, 
as has been shown by Humboldt and Pfaff; and even different ani¬ 
mal substances connected by conducting bodies will produce in a * 
less degree the same phenomena as metals of different kinds. It 
would, therefore, be quite erroneous to suppose that the causes of 
galvanism are to be sought only in the properties of different metals. 
Seebeck has discovered that even bars of the same metal heated to 
different degrees of temperature, and placed one upon the other, will 
become electric; and that one simple metallic bar made of a dif¬ 
ferent temperature at the two ends acquires this property: so that 
difference of quality of the bodies coming into contact, (and thus 
throwing the electricity which is present in all bodies into the state 
of positive and negative electricity, or disturbing the balance of the 
electric matter,) and their connection by means of a third conduct¬ 
ing substance, seem to be the most general conditions required for 
the production of galvanism. When these conditions are present, 
galvanic phenomena are produced in various parts of animals also. 
Baron von Humboldt discovered that feeble contractions are pro¬ 
duced in the leg of a frog by touching the nerve and muscle at the 
same moment with a fresh portion of muscle. This is certainly one 
of the more rare results of galvanic experiments; but I have repeated 
the experiment several times, and can confirm the accuracy of the 
statement. Buntzen indeed formed a weak galvanic pile with alter¬ 
nate layers of muscle and nerve; and Prevost and Dumas state that 
a circle formed simply of one metal, fresh muscle, and a saline solu- 
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tion or blood,, affects the galvanometer. If to the conductors of the 
galvanometer, plates of platinum are fixed, and a piece of muscle of 
several ounces weight is placed upon one of these plates, the con¬ 
ductors being then immersed in blood or a saline solution, a deviation 
of the magnetic needle of the instrument takes place. Or, if to one 
of the conductors a piece of platinum moistened with muriate of 
ammonia or nitric acid is attached, to the other a portion of nerve, 
muscle, or brain, and the two conductors are made to communicate, 
the same deviation of the needle is produced.^ Kaemtzt has more¬ 
over shown, that dry but efficient galvanic piles can be constructed 
from organic substances without any concurrence of metals. Con¬ 
centrated solutions of organic substances were spread upon thin 
paper, and with disks of this paper piles were constructed, the two 
layers of different substahses being separated by two thicknesses of 
paper; the electricity developed by these piles was tested by an 
electrometer (Bohnenberger’s). It was by this means ascertained 
that 
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These facts being known, the phenomena to which electric fishes 
give rise appear less extraordinary, although the power in these 
animals of producing electric discharges exists only during life, and 
during an undisturbed state of the nervous influence. The electric 
fishes which are best known, are the electric Ray, or Torpedo, of 
which the species ocellata and marmorata are met with in the seas 
of the south of Europe; the electric Eel, Gymnotiis electricus, which 
is found in several rivers of South America; and the Silurus electri- 
cus, or Malapterurus electricus, met with in the Nile and in Sene¬ 
gal. The Rhinohatus electricus, Trichiurus electricus, and Tetro- 
don electricus, are less known. Walsh, Fahlenberg, Gay Lussac, 
and Humboldt contributed most to our knowledge of these fishes. 

The electric organs of these fishes consist of minute cells with 
membranous parietes, occupying much of the body and largely sup¬ 
plied with nerves; the nervus vagus being distributed to the electric 
organs of the torpedo, and the intercostal nerves in great number and 
of extreme minuteness to those of the Gymnotus and Silurus, while 
branches of the fifth are sent to the external parts. J 


* Magendie, Journ. tom. Hi. f Schweigger, Journ. 56, 1. 

rj: Hunter in Philos. Trans. 1773, p. ii. tab. 20; and Animal (Economy, p. 404, 
15; Philad. Edit. Rudolphi in den Abhandlungen der Academie von Berlin, 1820, 
1821, p. 229, tab. i. ii. and 1824. 
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The effects produced by the electric fishes on animals are perfectly 
analogous to electric discharges. The shock from the Torpedo when 
the fish is touched with the hand, reaches to the upper arm. The 
Gymnotus will attack and paralyse even horses, as has been so well 
described by Humboldt. Substances which are conductors or non¬ 
conductors of electricity, are equally so to the influence communi¬ 
cated by the Torpedo and the Gymnotus, which are the only electric 
fishes that have been hitherto accurately examined with reference 
to their electric action; a shock is propagated through a chain of 
several persons when those at the extremities of the chain touch 
the fish. Walsh, indeed, by conducting the discharge of the Gym¬ 
notus through a strip of tin foil gummed to a piece of glass and 
cut through in the middle, obtained sparks, which were seen by 
Walsh, with Pringle, Magellan, and Ingenhouss, passing at the line 
of the section from one half of the foil to the other.* Fahlenberg has 
repeated this experiment with the same result while the fish was 
exposed to the air.t More recently Linari and MatteuciJ have 
succeeded in obtaining a spark from the Torpedo. 

The electric fishes have never been observed to produce any effect 
on the electrometer. Dr. J. Davy was the first experimenter who 
obtained a decisive result; he discovered that the electric organs of 
the Torpedo have really an electric action on the galvanometer.§ He 
has also succeeded in decomposing water and in rendering needles 
magnetic.il Linari and Matteuci also have communicated the mag¬ 
netic property to needles, liave decomposed water, and have observed 
marked deviations of the galvanometer at the moment of the dis¬ 
charges. IF 

Laivs which regulate the discharges from Electric Fishes. —The 
power of producing the discharge is quite voluntary, and dependent 
on the integrity of the nerves of the electric organs. The heart may 
be removed, and the shocks will still be communicated for a long time; 
but with the destruction of the brain, or division of the nerves going 
to the organs, the power ceases. The destruction of the electric organ 
of one side does not interrupt the action of the opposite organ. All 
observers agree, that the electric discharge does not take place every 
time when the fish is touched, but depends on a voluntary power; and 
hence it is often necessary to irritate the fish. Moreover, it would 
appear that it has the power of determining the direction of the dis¬ 
charges; for when Humboldt and Bonpland laid hold of the fish, one 
by the head, the other by the tail, the shock was not always felt imme¬ 
diately, and both did not always receive it. Sometimes the animal 
struggles when teased, without giving any shock. It seems to be itself 
scarcely sensible of the shocks. In the electric Eel no motion is ob¬ 
served at the time of the discharge, and in the Torpedo there is merely 
a slight motion of the thoracic fins. Yet the electric fishes are very 


* Journ. de Phys. 1776, Oct. 331. 
f Vetensk. Acad. Abhand. 1801, ii. p. 122. 

L’Institut. 167. § Philos. Trans. 1834, p. 2. 

II Ibid. 1832. IF L’Institut. Juillet, 1836. 
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sensible to the artificial galvanic stimulus applied to wounds. No 
convulsive motions, however, are produced in the Gymnotus, accord¬ 
ing to Humboldt^s observation, when one of these fishes forms the 
conducting medium of a shock from another fish. 

The electric shock is felt, if the animal is inclined to communicate 
it, by merely touching one surface with a single finger, as well as 
by applying the hand to both surfaces, dorsal and ventral. In either 
case it is a matter of indifference whether the person who touches 
the fish is isolated or not. (Humboldt.) Matteuci, on the other 
hand; states that the leg of a frog was, in his experiments, never 
thrown into contractions unless it touched the surface of the Torpedo 
at two points at least; but his recent observations lead him to doubt 
the possession by the animal of such a power of directing the dis¬ 
charges. 

In many respects the Torpedo and Gymnotus agree; in a few they 
differ. Gay Lussac and Humboldt have remarked some interesting 
points of difference. When the Torpedo is touched even with a 
single finger, the discharge takes place, whether the person be isolated 
or not. But when he is isolated, the contact must be immediate; if 
the fish is touched merely with a piece of metal in the hand, no 
shock is felt. The Gymnotus, however, transmits its electric dis¬ 
charge through a bar of iron several feet in length. If a Torpedo 
is laid upon a very thin plate of metal, the hand which holds the 
plate never perceives the shock, even though the fish be irritated by 
another person who is isolated, and though the spasmodic move¬ 
ments of the thoracic fins indicate that strong discharges are taking 
place. But if, while it is lying on a metallic plate held as before 
with one hand, the Torpedo is touched on the upper surface with 
the other hand, a powerful shock is felt in both arms. The sensa¬ 
tion is the same when the fish is between two metallic plates, the 
edges of which do not touch each other, and when the hands are 
placed at the same time on the two plates. But when the borders 
of the plates are in contact, the shock entirely ceases to be felt; the 
circle between the two surfaces of the electric organs is completed 
by the metallic plates, and the new circle formed by bringing the 
two hands in contact with opposite plates has no effect. 

Electric fishes which are still vigorous, exert their electric power 
as strongly in the air as in the water. If several persons form the 
chain between the upper and under surfaces of the fish, the shock is 
not felt unless these persons have previously moistened their hands. 
The discharge, however, is felt by two persons who, while grasping 
the Torpedo with their right hands, complete the circle—not by 
holding each other by the left hands, but by each dipping a small 
bar of metal into a drop of water on an insulated body.* Dr. Davy 
observed that the electric discharges of a Torpedo continued after the 
brain of the fish was divided lengthwise; but that after the removal 

* See Gay Lussac et Humboldt, Ann. de Chimie, 65, 15.—A. v. Humboldt, 
Reise in die iEquinoctialgegenden des neuen Continents. 3 Theil, pp. 295-324. 
—Treviranus, Biolog. v. 144-180. 
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of the brain, no more shocks were given even when the nerves of 
the electric organs were irritated. In one instance, when a small 
portion of brain had accidentally been left in connection with the 
electric nerves of one side, the fish gave a shock when irritated. 
M. Matteuci found that the intensity of the shock diminished in 
proportion to the number of the nervous fibres going to the organ 
which he divided, and that it was no longer given when all the 
nerves were severed. The death of the fish produced by morphia 
was attended with strong electric discharges and convulsions. When 
the animal had ceased to give shocks even though irritated, dis¬ 
charges stronger than ordinary were excited by touching the part 
of the brain (an enlargement of the medulla oblongata) from which 
the nerves of the electric organs arise. All parts of the brain in 
front of this fourth lobe or enlargement of the medulla oblongata, 
may be removed without arresting the electric discharges. The 
cerebral hemispheres may be touched, wounded, or cut away with¬ 
out any discharge being excited, but irritation of the .optic lobes 
between the cerebral hemispheres and cerebellum sometimes caused 
an electric discharge when the animal was vigorous.* 

Electric phenomena in frogs .—The electric phenomena of the 
electric fishes are effected by means of special organs. Whether 
electricity is developed in animals by ordinary vital processes is 
another question. Electricity exists in all bodies in a state of equi¬ 
librium, and is manifested in them when, by contact of heterogene¬ 
ous bodies, it is thrown into positive and negative states; in this way 
it can be made evident even in living frogs. In the spring before 
the time of breeding, and in the latter cold part of autumn, but not 
in the summer, frogs evince great sensibility to the galvanic stimulus. 
If at these times the leg of a frog, dissected in the usual manner, is 
laid upon a glass plate, and the crural nerve touched with a plate of 
zinc held in one hand, while the experimenter touches the leg with 
a finger of the other hand, a strong contraction of the muscles 
ensues every time the circle is thus closed; if copper is used in place 
of zinc, the result is the same, but the contraction is not so strong. 
The experiment in which I excited muscular contraction, nearly in 
the same manner as had been done by Humboldt, by turning back 
the nerve towards the surface of the leg still covered with cuticle, 
without any intermediate conductor of metal or muscle, proves that 
for the simplest electric phenomenon on frogs, or separated parts of 
frogs, the mere contact of nerve and muscle, which at their other 
extremities are organically connected, is sufficient, and that the use of 
conductors of metal, or of fresh or putrid muscle, merely strengthens 
the phenomenon. It appears then, either that free electricity is gene¬ 
rated in living bodies, and that when certain substances come into 
contact an overflow of this electricity takes place and produces 
muscular contractions, or that the mere difference in chemical pro¬ 
perties of the nerve and muscle, produces an elastic tension, while 


♦ Matteuci, Biblioth. Univ. xii. 
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closing the circle restores the electric equilibrium and produces the 
contraction. 

Much that is fabulous has been alleged concerning the develop¬ 
ment of electricity during the vital process. The truth is, that the 
electric phenomena, which are manifested in animals independent of 
friction, are very feeble; although it does not appear possible for the 
various chemical changes which take place in them to occur with¬ 
out some development of electricity. 

Free electricity in man .—All that is known concerning the de¬ 
velopment of electricity in the human subject under the influence of 
the vital process, is furnished by the researches of Pfafl’ and Ahrens.* 
The experiments were performed with the aid of a gold-leaf elec¬ 
trometer, the persons who were the subjects of them being placed 
upon an insulating stool. The collector-plate of a condenser, which 
was screwed upon the electrometer, was toucjhed by the person, 
while the other plate of the condenser communicated with the 
earth. The results obtained are the following:— 

1. Asa general rule, the kind of electricity evidenced by man in 
the healthy state is the positive. 

2. It seldom exceeds in intensity the electricity excited when cop¬ 
per, which communicates by a conducting substance with the earth, 
comes in contact with zinc. 

3. Excitable persons of a sanguine temperament have more free 
electricity than indolent persons of a phlegmatic temperament. 

4. The quantity of electricity is greater in the evening that at 
other periods of the day. 

5. Spirituous drinks increase the quantity of electricity. 

6. Women are more frequently negative electric than men, al¬ 
though there is no determinate rule for the greater prevalence of this 
kind of electricity in them. Gardini had found that women manifested 
negative electricity at the time of menstruation, and also during preg¬ 
nancy. 

7. In the winter, the bodies of persons who are very cold, at first 
give evidence of no electricity; but it gradually becomes manifest as 
warmth is restored. 

8. The body, when perfectly naked, manifests the same pheno¬ 
mena, which are also common to all parts of it. 

9. During the continuance of rheumatic affections, the electricity 
of the body seems to be reduced to zero, and to become manifest 
again as the disease subsides. It appeared to Humboldtt also, that 
rheumatic patients had an insulating action on the feeble current 
produced by a simple galvanic circle. 

Do any vital actions depend on electricity ?—Much has been said 
of the production of several vital actions, particularly those of the 
nerves, by the agency of electricity. But nothing of this kind has 
been demonstrated. Neither Personf nor I have ever been able to 

* Meckel, Archiv. iii. 161. 

t Humboldt, fiber die gereizte Muskel. und Nervenfaser, i. v. 159. 

^ Magendie, Journal de Physiol, x. 216. 
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detect electric currents in the nerves.* * * § Pouillet at first thought that 
he had perceived electric currents in needles inserted into the flesh in 
the operation cf acupuncturation: but he has himself acknowledged 
his error.t 

In the nerves themselves Matteuci could detect no electric action; 
nor could he discover that the nerves affected the galvanometer, 
even when the current of a galvanic battery is passed through them. 
Hence, even if there were really electric currents in the nerves, they 
would not be detected by the galvanometer-^ Bellingeri has made 
some experiments on the electricity of the blood removed from the 
body, as well as on that of the bile, and of the urine, from which he 
concludes that in inffamed blood the electricity is diminished, and that 
blood retains its electricity long after it has been abstracted from the 
body.§ But how desirable it would be to prove first the real ex¬ 
istence of free electricity in the blood generally! 

The experiments of Donn6, Matteuci and others, which seemed 
to show that galvanic currents existed between different parts of the 
living body, as between the inner and outer surface of the skin, and 
between the liver and stomach of an animal, are now known to be 
inapplicable; for similar phenomena have been produced on the dead 
body by Weber, [Questionesphysiological de Phainomenis galvano- 
magneticis de corpore humano observatis, Lips. 1836.) It appears 
from the observations of M. Weber, that no substance in the human 
body is so good a conductor of galvanism as the metals; for the dif¬ 
ferent parts of the human body do not conduct the galvanic influence 
better than substances impregnated with blood and warm saline 
fluids might be expected to do, namely, from ten to twenty times 
better than distilled water of the same temperature, whieli is about 
the conducting power of a warm saline solution. This refutes the 
notion of those persons who imagine that the nerves resemble the 
metals in being excellent conductors of electricity. The epidermis 
especially, when dry, is a very bad conductor, being fifty times infe¬ 
rior to the rest of the body in this respect. 

Galvanism is generated by the contact of different metals with the 
living as well as with the dead body. Weber observed the develop¬ 
ment of galvanic electricity, not merely from the contact of copper 
with zinc, brought into connection by means of a metallic conductor, 
but also from the contact of the body with two portions of copper, 
when a circle was formed with them. He has likewise noticed 
the production of thermo-electricity in the animal body; it was mani¬ 
fested when the ends of an arch of copper were held in the hands, 
of which one was immersed in cold, the other in hot water. In this 
respect, therefore, the animal body exactly resembles the metals. M. 
Weber found that if a bar of iron was held near the muscles of the 

* This subject is more particularly discussed in the Book on the Nervous Sys¬ 
tem. 

I Matrpndie, .Tournal de Physiol, v. 5. 

\ Matteuci, L’lnstitut. No. 75. 

§ Experimenta in electricitatem sanguinis, urinee, et bilis, Mem. d. A. d.Tor. v. 
81.—Froriep, Not. 19, 177. 
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body when they were made to contract, the magnetic needle moved. 
But it remains a question, which he reserves for further experiments, 
to deterniine how far the motion of the needle depended on galvanic 
currents in the animal body, and not on disturbance of the mag¬ 
netic state of the iron bar from other causes. Several physiologists, 
as Hunter, Aberiiethy, Prochaska, Prevost and Dumas, Dutrochet, 
and others, have attributed many processes in the animal body to 
electric action. In treating of the nervous system, I shall show, how¬ 
ever, that although, as appears from many experiments, electric 
actions can be generated in the nerves, still the mode of action of 
the nerves is wholly different from that of electricity. Among 
modern physiologists, no one has carried the hypothesis of electricity 
being the cause of vital phenomena to a more extravagant length 
than the chemist Meissner.* 

Pouillet has endeavoured to prove, that during the vegetation of 
plants, an abundance of electricity is developed. He first investi¬ 
gated the generation of electricity in the formation of carbonic acid. 
His experimentst must be repeated with the necessary modification 
on incubated eggs, and on animals, with reference to the formation 
of carbonic acid during respiration. 

2. Of the generation of caloric. 

The temperature of the human body in those internal parts which 
are most easily accessible, such as the mouth and rectum, is 97-7° or 
98’6® Fahr. The temperature of the blood is found to be from 
100|° to 101^°; M. Magendie states it at 101-75°; Thompson at 101°; 
in some diseases it is as high as from 106° to 107°. In the morbus 
coeruleus, in which there is defective arterialisation of the blood 
from malformation of the heart, the temperature of the body is often 
several degrees lower than natural; for instance, as low as 79° or 77^°; 
in the Asiatic cholera, a thermometer placed in the mouth rises only to 
77° or 79°. The temperature of the body in health is, according to 
Autenrieth, 1^° Fahr. lower during the day; and somewhat lower in 
the morning than in the evening. In warm climates. Dr. Davy found 
the temperature of the interior of the body to be from 2*7° to 3-7° Fahr. 
higher than in temperate climates; he observed this difference of tem¬ 
perature in individuals of different ages, and in natives as well as in 
persons coming from cooler climates. This last observation is, how¬ 
ever, quite opposed to the results of Douville’s experiments.^: During 
the voyage of the Bonite,§ the French naturalists had an opportunity 
of observing the influence of climate on the human body. Their 
observations (more than 4000 in number) were commenced in April 
1836, and continued, with few interruptions, every day at 3 o’clock 
P. M. until November 6th, 1837. The subjects were eight sailors, 
and two men who worked in the hold of the ship. The results ob¬ 
tained were, that the temperature of the human body rises and falls, 

* System der Heilkunde aus den allgemeinsten Naturgesetzen. Wien, 1832. 

+ Annal. de Chira. et de Phys. 35, 420. 

p Froriep, Notizen, N. 686. § Comptes Rendus, 1838, p. 456. 
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though in a slight degree only, with the external temperature; that 
it falls slowly in passing from hot to cold climates, and rises more 
rapidly in returning towards the torrid zone: but that these changes 
in the temperature of the body are more consideraole in some indi¬ 
viduals than in others. The temperature of the ten men at Cape 
Horn, lat. 59° S. when the temperature of the air was 0° C. or 32° 
Fahr. differed only about 1° C. or 1|° Fahr. from the mean tempe¬ 
rature of the same men when at the Ganges, near Calcutta, in an 
external temperature of 40° C. or 104° Fahr. According to the 
observations^of MM. Becquerel and Breschet, the temperature of the 
body is the same in individuals living at high elevations on moun¬ 
tains and in those inhabiting the plains below. 


Temperature of mammalia and birds .—Tiedemann and Rudol- 
phi-have collected all the facts known relative to the temperature of 
different animals. 

The following is derived from the more copious table of Tiede¬ 
mann:—* 


The Ox has a temperature of from 

99° to 104° Fahr. 

Sheep 



100-40° to 104°. 

Horse 



97° to 98-24°. 

Elephant 



99-5°. 

Guinea-pig 



96 37° to 100-40°. 

Hare 



100°. 

Rabbit 



99-46° to 104°. 

Squirrel 



105° 

Seal 



102°. 

Dog 



99-30° to 100-30°. 

Cat 



98-60° to 103-60°. 

Bat.—Vespertilio noctiila 



102°. 

-^Vespertilio pipistrellus 



105° to 106°. 

Ape.—Sirnia aigula 



103-86°. 

Porpoise.—Delphinus phocmna 



96-90° to 99-50°. 

Narwhal.—Monedon monoceros 



96°. 

Whale.—Baloena mysticetus 


. 

102°. 


From this table it appears, that the heat of the body varies in the 
different genera of mammalia; and it is also seen, that there is no 
remarkable difference between the cetacea and the other mammalia 
in respect to their temperature. 

The temperature of the body in birds seems, from the following 
table, which is also taken from Tiedemann, to be, almost without 
exception, higher than in man and mammalia:— 


The gull.—Larus has a temperature 

White game.—Tetrad albus 
Common cock 
Common hen 
Pigeon 

Duck, different species 
Bearded vulture.—Vultur barbatus 
Falco, different species 
Raven.—Corvus corax 
Fringilla, different species 
Great titmouse.—Parus major 
Hirundo lagopus 


of 100° Fahr. 

102 °. 

102-99° to 103-78°. 
102 99° to 109-94°. 
106'70° to 109-58®. 
106° to 111°. 
107-49°. 

104- 50°. to 109-74°. 

105- 99° to 109-23°. 
107° to 111-25°. 
111-25°. 

Ill 25°. 


♦ Tiedemann, Physiologie, i. 454. The English translation, 234. 
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Production of animal heat in old age and early life. —Edwards 
found the power of generating iieat to be less active in old people. 
It was shown by the experiments of Autenrieth and Schuetz,* * * § that 
the embryo of Mammalia owes its heat to the mother, and loses it 
when removed from the uterus. The same rapid diminution of 
temperature was observed by M. Edwards in the new-born young 
of most carnivorous and rodent animals when they were removed 
from the parent, the temperature of the atmosphere being between 
50® and 53^° Fahr.; whereas, by lying close to the body of the 
mother, their temperature was only 2 or 3 degrees lower than hers. 
The same law applies to the young of birds. Young sparrows, a 
week after they were hatched, had a temperature of 95° to 97°, 
while in the nest; but when taken from it, their temperature fell 
in one hour to 665°, the temperature of the atmosphere being at 
the time 62^°. Other experiments, which M. Edwards instituted, 
showed, that the want of feathers is not the cause of this rapid 
cooling.t It appears from his investigations, that several kinds of 
jiiammiferous animals are born in a much less perfectly developed 
condition than others: that the young of dogs, cats, and rabbits, for 
example, are far inferior in the power of generating heat, to the 
young of other animals which are not born blind. In fourteen days 
this defect is removed, and they have then reached the stage at 
which the young of those of other animals are born.f The need of 
external warmth to keep up the temperature of new-born children 
is well known; it is not less necessary, indeed, than to the young of 
carnivorous and rodent animals. The statistical researches of M. 
Edwards have shown that the want of external warmth is a much 
more frequent cause of death in new-born children than has been 
hitherto supposed.(ff)§ 

Effects of cold on adult warm-hlooded animals. — Hybernation. 
—The generation of caloric in adult warm-blooded animals is in a 
certain measure independent of external temperature: this inde¬ 
pendence, however, varies in degree according to the geographical 
distribution, and the internal vital conditions of the animal; hence 
the migration of many animals with the change of the seasons. It 
appears from Captain Parry’s observations, that the mammiferous 
animals of polar regions will support the temperature at which 
mercury freezes, namely,—40° Fahr., or even a temperature as low 
as—51° Fahr.II There are some Mammalia, however, namely, the 
hybernating animals,—the marmot, rellniouse, hamster, hedgehog, 

* Experimenta circa calorem foetus et sanguinem. Tub. 1799. 

f Froriep, Notizen, 151.—Edwards, On the Influence of Physical Agents on 
Life, translated by Drs. Hodgkin and Fisher, Philad. Edit. 

% Compare Legallois, Meckel’s Archiv. iii. 454. 

§ Edwards, loc. citat. 

II See Tiedemann, loc. cit. pp. 461, 466. Translation, p. 236. 

(fl) The fact itself, notwithstanding its vital importance, is too often overlooked 
in the cases of the scantily clothed and half denuded children of wealthy parents. 
Fashion has more weight than physiology; even when physicians press this latter 
into their aid. In the present case, however, the latter are, in general, singularly 
oblivious, we must not say ignorant, of an important and useful principle. 
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bat, beaver, and bear,—which maintain their animal heat only when 
the external temperature is not low, but lose it when this becomes 
very cold, and fall then into a state of torpor or asphyxia; several of 
them even becoming frozen at 10® or 6^° Fahr. The beaver and 
bear hybernate but imperfectl 5 ^ 

The temperature of hybernating animals, when not in a state of 
torpor, is generally nearly the same as that of other animals. But 
the dormouse, Myoxiis avellanarius, has, according to M. Berthold, 
even in the active state, a temperature of only 80i° Fahr. 

The phenomena of hybernation have been studied more especially 
by Pallas, Spallanzani, Mangili, Prunelle, Saissy, Czermack, and 
Berthold. The occurrence of hybernation depends on a reduction 
of the temperature of the air in which the animal habitually lives. 
The extent of reduction, and the actual degree of cold are relative 
to the animal and the climate, and not dependent on absolute tempe¬ 
rature, as we learn from some observations of Mr. Darwin on cold¬ 
blooded animals,—and those of Berthold and Czermack, on rellmice 
and dormice, (MuWqx, A.^rchiv. 1837.) At Monte Video, between the 
26th of July and the 19th of August, when the mean temperature 
was 58.4°, the lowest point to which the thermometer fell having been 
41.5°, the highest point to which it rose, 69° or 70°; insects, spiders, 
snails, toads, and lizards were all lying torpid beneath stones; while 
at Bahia Blanco, four degrees further south, the same mean tempe¬ 
rature, namely, 58°, with a rather less extreme heat, was sufficient to 
rouse all the torpid animals. “This shows,” Mr. Darwin remarks, 
“how nicely the required degree of stimulus is adapted to the cli¬ 
mate of the place.”—Voyages of the Beagle, vol. iii. p. 116. The 
effect of reduced temperature is shown in the experiments of Pallas, 
who caused sleep in marmots during summer by placing them in an 
ice house, and that of periodical habits by the observation of Ber¬ 
thold, who found that dormice fall into their winter sleep, whether 
they are kept in the open air or in a heated room. 

The causes of hybernation would appear to be a general failure 
of nervous energy, connected with the changes of the seasons: it 
seems to belong to the same class of phenomena as the moulting of 
birds, the shedding of the coat in quadrupeds, the migrations of 
many animals, and the periodic changes presented by many plants. 
The observations of M. Berthold show that, during the rise of the 
external temperature, the temperature of the hybernating animal 
also rises, but less rapidly; that when the external temperature has 
fallen below 32° Fahr., the animals are able to maintain their’s a 
few degrees above that point; and that when the temperature of the 
medium is gradually lowered, that of the animals does not imme¬ 
diately begin to fall. The observations by Mr. Darwin on cold¬ 
blooded animals, above referred to, like those of Berthold and Czer¬ 
mack on rellmice and dormice, show how little hybernation is 
dependent on absolute temperature. 

The respiration of hybernating animals is kept up, though slowly 
and almost imperceptibly. The marmot during hybernation breathes 
seven or eight times in a minute, the hedgehog four or five times, the 
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great dormouse nine or ten times in the same period. During the 
state of the deepest torpor, however, respiration ceases entirely; and 
the animals may then, if Spallanzani’s observation is correct, be 
placed with impunity in an irrespirable gas. Saissy found that, until 
this last state ensues, they continue to remove the oxygen from the 
air; the quantity of oxygen consumed decreasing as their tempera¬ 
ture falls: but that the absorption of oxygen still continues, together 
with the exhalation of carbonic acid, as long as any of the former 
gas remains in the air; whereas animals which do not hybernate, 
such as rabbits, rats, and sparrows, die when they have consumed a 
small portion only of the oxygen of the air contained in the vessels. 
M. Prunelle states that the arterial blood of the bat is less bright in 
colour during hybernation. With respect to the circulation, Saissy 
found that, at the commencement and towards the termination of the 
state of hybernation, the motion of the blood is extremely slow; and 
that when the torpor is complete, the capillaries of the extreme 
parts are almost empty, and the large vessels only half distended. 
It was only in the larger trunks of the chest and abdomen that an 
undulatory motion of the blood was still observable. In the bat, 
during hybernation, the heart beats, according to Prunelle, only fifty 
or fifty-five times, according to Dr. M. Hall* only twenty-eight times, 
in the minute, while ordinarily it beats about two hundred times in 
the same interval. Sensibility, as tested by mechanical or galvanic 
stimulants, is diminished, but it is not entirely wanting, except during 
the state of the deepest torpor. The statement that the irritability 
of the muscles is diminished in hybernating animals appears to be 
incorrect. The observations of M. Mangilit and Dr. M. Hall show, 
that the irritability both of the heart and the voluntary muscles con¬ 
tinues much longer after death than it ordinarily does in warm¬ 
blooded animals. In this circumstance, and in the continuance of 
the heart’s action, though the respiration is nearly suspended, and 
the blood circulating in the arteries nearly venous, hybernating ani¬ 
mals, as Dr. Hall remarks, resemble reptiles. Sensation and volition 
are suspended during hybernation, but the excitability of the parts 
of the nervous system engaged in the production of the reflex move¬ 
ments remains. A slight touch applied to one of the spines of the 
hedgehog causes it to draw a deep inspiration; the least disturbance 
induces motion in the animal. J The secretions do not wholly cease; 
for Prunelle found that bats lost of their weight between the 19th 
of February and the 12th of March. 

Saissy states, moreover, that the blood of hybernating animals 
(the marmot and hedgehog) is remarkable for the small quantity of 
fibrin and albumen which it contains; that the bile is sweetish, but 
that the fat is unchanged. According to Prunelle and Tiedemann,§ 
an apparently glandular, but really fatty, mass forms on the neck and 
anterior mediastinum before hybernation: this fatty mass, Jacobson|| 
remarks, was incorrectly compared with the thymus gland. Otto^ 

* Philos. Transact. 1832, p. 17. t Ann. du Museum, t. x. 

X Cyclop of Anat. art. Hybernation. § Meckel, Archiv. t. i. p. 481. 

II Ibid. iii. 151, 152. 

^ N. act. ac. caes, nat. cur. t. xiii. p. 1. 



CAUSES OP HYBERNATION. 


79 


has discovered a vessel, which might be compared to the internal 
carotid, passing through the stapes of the tympanum in several 
genera: all of which, he says, are subject to a state of more or less 
complete hybernation. Hyrtl has observed the same structure in the 
guinea-pig also; while he finds it wanting in the rellmonse. A 
similar artery, but of very small size, sometimes exists in man. 
The assertion of Mangili, that the cerebral vessels are remarkably 
small in hybernating animals, is denied most expressly by Otto, 
who also did not observe the large size of the nerves of the super¬ 
ficial parts, which was spoken of by Saissy. It is generally known 
that, during hybernation, a part of the fat formed in the autumn is 
consumed to.nourish the body; but the experiments of Pallas, who 
produced hybernation during the height of summer by means of 
artificial cold, prove the incorrectness of the theory which supposes 
that it is the accumulation of fat and the enlargement of the glands 
in the chest and neck during the autumn, which induce hybernation, 
by exerting pressure upon the respiratory nerves. The spinal cord 
is very short in the hedgehog; but this is not a general character of 
hybernating animals.* 

Cause of hybernation .—Before all the facts, presently to be 
noticed, with respect to the cause of animal heat were considered, 
no inquiry concerning the spontaneous diminution of this power of 
generating heat during hybernation, and the causes of this latter 
phenomenon, could be attended with any satisfactory result. The 
phenomenon of hybernation as presented by a few animals must not 
be considered in an isolated manner, but the investigation should be 
grounded upon the fact, that all animals, when the external temper¬ 
ature falls below a certain point, become torpid, without thereby 
entirely losing the capability of living. The point to which the ex¬ 
ternal temperature may be lowered without the state of torpor being 
induced, varies very much according to the organisation of the differ¬ 
ent animals, and their geographical distribution. 

1. Man evidences in this respect a very great tenacity of the 
organic powers; since, under favourable circumstances, he maintains 
his proper temperature in all climates in which animals exist,—in 
the extreme north, as well as under the equator. But even man, 
when deprived of necessary covering and acted on by cold, or, in 
other words, deprived of a vital stimulus, falls into a state of torpor, 
and the more easily when his vital force is depressed by the influence 
of intoxicating substances. 

2. Many animals fall readily into this state of torpor, when the 
necessary degree of external warmth in harmony with their geo- 

* The principal treatises on hybernation are:—Saissy, Recherches experimen- 
tales anatomiques sur la physique des animaux mammiferes hybernans; Paris et 

Lyon, 1808; ubersetzt von Nasse_Reil, Archiv. fiir Physiol, t. xii. p. 293. 

Saissy, Mem. de Turin, 1810-1812.—Meckel, Archiv. fiir Physiol, t. iii.— 
Mangili iiber den Winterschlaf, in Reil’s Archiv. Bd» 8.—Prunelle, Recherches 
sur les phenomenes et sur les causes du sommeil hivernal: Ann. du Mus. t. xviii. 
—Gilbert’s Annalen, Bd. 40, 41. 
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graphical distribution is wanting. It is from the necessity of a certain 
external temperature that birds migrate. 

3. The young of Mammalia become torpid at a temperature which 
is sufficiently elevated for maintaining the vital force of the adult 
animals in an active state. This is proved by the observations of 
Legallois, on rabbits six or eight weeks old, which however may be 
restored from the torpid state by raising the temperature of the 
medium. 

Now, in all these cases the cold cannot exert a directly depressing 
influence on the respiratory process, and thus on the heat of the 
body: indeed, all the symptoms which usher in the torpor, namely, 
the insensibility, sleepiness, and debility, are indicative of depres¬ 
sion of vital force from want of vital stimulus. The effect on the 
respiration must, therefore, be regarded as a consequence, not as 
the cause of the torpor, just as in the case of syncope from nervous 
affections. The diminution of the temperature of the body is like¬ 
wise a consequence of the depression of vital energy, which may 
perhaps prevent the generation of caloric in the lungs, by primarily 
causing retardation of the respiratory movements, and rendering the 
respiratory process less active. The facility with which this state 
of torpor is induced in some animals arises, therefore, from the 
greater delicacy of their structure, and from the vivifying and stimu¬ 
lating influence of warmth being more necessary for the continuance 
of their organic processes. This must also be regarded as the cause 
of the winter sleep of hybernating animals, in which the only great 
peculiarity is, that in them the torpor may continue a long time 
Avithout danger to life. Of the causes of hybernation advanced by 
Saissy and others, some are merely consequences of the depression 
of vital energy; others, such as the supposed large size of the external 
nerves and small size of the cerebral vessels, do not exist. 

The hybernation of animals then is perfectly analogous to what 
is called the nocturnal sleep of plants,—the change of position of 
their leaves,—which is also occasioned by the want of the stimulus of 
light; and hence it is sometimes observed during the day, when plants 
are placed in the shade.* The ordinary sleep of animals, on the con¬ 
trary, is by no means dependent on want of stimulus; but arises from 
the material change and exhaustion induced in the body by the state 
of action, and may, therefore, occur naturally at any time of the day, 
although from accidental causes it mostly comes on at night. 

The summer sleep of reptiles and of the tanrec seems, on the 
other hand, to arise from a disturbance of the system induced by too 
much heat. The want of water also appears to be a main cause of 
this state, which may therefore be regarded as the effect of the defi¬ 
ciency of one vital stimulus, and of the excess of another.t 

Effects of external heat on the temperature of warm-blooded 
animals .—If the temperature of the atmosphere in which a mam- 

* Journ. de Phys. 52, 124. 

f See also Pastre, Nov. Act. Acad. Nat. Cur. 14, 661. 
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miferoiis animal is placed exceeds the natural heat of its body, a 
slight elevation takes place in the temperature of the animal’s body, 
but not in proportion to the elevation of the external temperature. 
Experiments have been instituted by Duntze,* Fordyce, Banks, 
Blagden,t and Delaroche and Berger, to ascertain the efl'ect of in¬ 
creased external heat on the temperature of the body. Sir C. Blag- 
den and others supported a temperature varying between 198° and 
211 ° Fahr. in a dry air for several minutes; in a subsequent experi¬ 
ment Blagden himself remained eight minutes in a temperature of 
260°; Delaroche and Berger observed an elevation of temperature of 
a few degrees only in rabbits exposed to a heat varying from 122 ° 
to 194° Fahr. In birds, also, the heat of the body did not rise com- 
mensurately with that of the surrounding atmosphere; it did not 
undergo an elevation of more than ll°,or 12 °.$ This power of main¬ 
taining nearly their original temperature when exposed to great 
external heat, is due to the cooling effect of the increased perspira¬ 
tion of animals under these circumstances. The correctness of this 
explanation is proved by the circumstance observed by Delaroche, 
that if the heated atmosphere is at the same time saturated with 
moisture which prevents exhalation taking place, the temperature of 
the animals rises 4°, 7°, even 9° higher than that of the surrounding 
medium. It must not, however, be forgotten that the increased 
evaporation from the surface of the body in a dry heat does not 
arise solely from physical causes; but that the external heat here 
excites an organic function. In fact, when there is great internal 
heat, evaporation is often prevented by internal causes; and in many 
fevers the skin is intolerably hot, merely from its being dry, and from 
perspiration being obstructed. 

MM. Becquerel and Brechet§ have employed their thermo-electric 
apparatus to ascertain the effect produced on the temperature of the 
human body by immersion in hot water. They examined first the 
effect of immersion of parts of the body. The biceps muscles of the 
right arm of two young men having been ascertained to be equal in 
temperature, the arm of one was immersed for a quarter of an hour 
in water at 42° C. (or 107-6° Fahr.): an elevation in the temperature 
of the arm was produced amounting to C. (rather more than i° 
Fahr.) Immersion of the entire body during twenty minutes in a 
bath of the temperature of 49° C. ( 120 i° Fahr.) caused the heat of 
the arm to rise from i° to |° C., the pulse beating at the same time 
112 times in a minute. In another experiment the body was im¬ 
mersed in water of the temperature of 42-5° C. ( 1085 ° Fahr.) during 
twenty minutes without undergoing any rise of temperature, though 
the skin was reddened and the head congested. The temperature 
of the muscles of a dog rose successively 5 ° and 15 ° C. in five 
minutes when it was immersed in water at 49° C. ( 120 i° Fahr.) 

♦ Exp. calorem animalium spectantia. Lugd. Bat. 1754. 

t Philos. Transact. 1775, v. 65. 

$ Delaroche and Berger, Exp. sur les effets qu’une forte chaleur produit dans 
I’economie animate. Paris, 1806.—Journal d. Phys. 71.—Reil, Archiv. 12, 370. 

§ Comptes Rendus, 1838, i. 429. 
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The elevation of temperature took place principally when the ani¬ 
mal became enraged. 

Temperature of cold-blooded vertebrata^ and effects of cold and 
heat on them. —It has been often said, though incorrectly, that cold¬ 
blooded animals have themselves no power, of generating heat, but 
derive their temperature solely from the surrounding medium. With 
respect to Reptiles and Amphibia, the researches of Dr. Davy, Czer- 
mack, Wilford and Tiedemann, have proved that the temperature of 
these animals, although it generally falls with that of the surround¬ 
ing medium to a certain point, is nevertheless mostly two or more 
degrees higher; and that although their temperature rises also with 
that of the medium, yet at a certain point it ceases to be higher, and 
at great degrees of heat is even lower than the external tempera¬ 
ture.* * * § 

Tiedemannt found the temperature of frogs higher than that of 
the water around them; and at night, when the water generally was 
frozen, a frog had a temperature of 33° Fahr., and the water around 
it was unfrozen. Frogs seem, from the observations of Delaroche, 
to have also the power of preserving a low temperature in a great 
external heat by means of exhalation. 

The experiments of Berthold, which appear to have been per¬ 
formed with great care, show, that the difference between the tem¬ 
perature of Amphibia and that of the surrounding medium is really 
very slight. He found that these animals had generally a lower 
temperature than the air, owing to the cooling effect of evaporation. 
In water, frogs were of the same temperature as the water. During 
the act of copulation, their temperature was to 1° R. or i° to 
Fahr. higher than that of the water. Reptiles, when the external 
temperature is moderate or rather elevated, have a heat i° to lf° 
Fahr. higher than the air or water at the time.f 

Fishes appear, from the experiments of Martine, J. Hunter, Brous- 
sonet. Dr. Davy, and Despretz, to have a temperature one or two 
degrees higher than that of the surrounding water. Berthold de¬ 
tected no difference between the heat of fishes and that of the water 
around them. Dr. Davy ascertained that the temperature of a shark 
was 77° Fahr. when the temperature of the sea was 74|°Fahr. The 
observations of Dr. Davy§ on the elevated temperature of the thunny 
are extremely interesting. He found the temperature of the Thyn- 
nus pelamys to be 99° Fahr. when the thermometer placed in the 
surrounding water stood at 801° Fahr. The common thunny was also 
reported by fishermen to have a high temperature. Whether this 
circumstance is in any way dependent on the presence of the vascu- 

* See the numerous experiments of Czermack on the temperature of reptiles in 
Baumgaertner’s and Ettinhausen’s Zeitschrift fiir Physik und Mathematik, 3 Bd. 
384. Froriep, Notiz. 579.—Philos. Trans. 1814.—Jameson’s Journal, v. xix. 

f Tiedemann, Physiol, i. Translation by Drs. Gully and Lane, p. 240. 

X Neue Versuche iiber die Temperatur der Kaltbliitigen Thiere. Getting. 1835. 
Muller’s Archiv. 1836, Jahresbericht, p. cxix. 

§ L’lnstitut. 108. [Philos. Trans. 1835.] 
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lar plexus, discovered by Eschricht and myself in connection with 
the vena porta and arteries of the abdominal viscera in these fishes, 
must be determined by further observations on them and on the 
other fishes in which we have found the same vascular structures, 
namely, the Squalus cornubicus and the Squalus viilpis* * * § 

Some cold-blooded animals also present the phenomenon of hy¬ 
bernation. Sir J. Franklin relates, that in the arctic regions many 
fishes, when laid upon the ice, instantly became torpid, but recovered 
again after several hours or days. It has, however, been frequently 
asserted, that fishes continue to live in ice, and that the water around 
them is not frozen.t Pallasf relates, that Crucians [Cyprinus caras- 
sius) are restored to life on the melting of the lakes in Siberia, which 
were frozen to the bottom; and mentions a similar fact observed by 
Bell, namely, the revival of gold-fishes from frozen water. Reptiles 
become torpid not only during winter, at the commencement of 
which they bury themselves, but during summer also, in hot climates. 
In the dry season reptiles bury themselves and fall into a state simi¬ 
lar to hybernation, from which they recover in the rainy season. 
Humboldt has observed some very interesting facts of this kind. In 
warm-blooded animals there is only one known instance of this 
summer sleep; that is in the Tanrec,—the hedgehog of Madagascar. 

Temperature, of invertebrate animals .— Complete observations 
on the temperature of invertebrate animals are still wanted; but the 
facts already known prove that their temperature, like that of the 
other cold-blooded animals, varies with the temperature of the 
medium. That it may, nevertheless, even in insects, be a degree or 
two higher or lower than the external temperature, is evident from 
the experiments of Marline, Hausmann, Rengger, and Dr. J. Davy; 
while in beehives and anthills, a very much higher temperature has 
been observed. In his numerous observations, Mr. Newport§ was 
always able to detect a certain degree of independent heat even in 
single insects, provided they were in a state of activity; and sometimes 
the temperature of the insect was as much as 20° above that of the 
surrounding air. In the river crawfish, Rudolphi saw the thermome¬ 
ter, which in the water was at 52^°, rise to 545°, and even to 59° F. 
Similar evidences of independent heat, though less considerable, 
have been observed in the molIusca.H In snails the temperature is 
two degrees higher than that of the atmospheric medium. 

The insects and mollusca, of temperate and cold climates at least, 
are known, with certainty, to be subject to hybernation. Some of 

* See Eschricht and Muller in the Abhandl. der Acad, der Wissench. Zu 
Berlin vom Jahn. 1836, und Nachtrag. 

t Jahresbericht der Schwed. Acad, libersetzt von J. Muller, 1824. 

In Rudolphi’s Grundriss der Physiologic, i. 176. 

§ Philos. Transact. 1837, p. 271. 

II An account of the different observations relative to this subject will be found 
in Rudolphi’s Physiologie, 179; in Treviranus, Biologic, 5—20; and in Tiede- 
mann, Physiol. 476. Translation, p. 244. 
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the lower animals seem to require a pretly high external temperature. 
The instance of the small snail,—the Cyclostomum thermahy Ran- 
zani,—which lives in the warm springs of Albano,the temperature of 
which is 831° F. appears extraordinary. Rudolphi saw these ani¬ 
mals move briskly even in water of 995° F. But the Entozoa of 
man and Mammalia live in an equal, those of birds in a still higher 
temperature. Rudolphi remarks, that the Entozoa of warm-blooded 
animals become torpid and appear dead in the cold, but revive when 
placed in warm water; while the Entozoa of cold-blooded animals 
bear a low as well as a high temperature. 

The hybernation of snails has been described by Gaspard: he says 
that, during this stale the heart ceases to beat; respiration is no longer 
carried on; and the tentacula, if cut off, are not reproduced. These 
animals also fall into a summer sleep when the heat is great; but, in 
the summer sleep, respiration, the heart’s action, and the reproductive 
power are not interrupted.* 


SOURCES OF ANIMAL HEAT. 

I now proceed to investigate the means by which heat is generated 
in the animal body. The first point of interest in this inquiry is the 
difference of temperature of different parts of the body. The tem¬ 
perature is lower, the further removed the part is from the centre of 
the body. Thus, in the human subject, a thermometer placed in the 
axilla stood at 98° F., at the loins it indicated a temperature of 965 °, 
on the thigh 94°, on the leg 93° or 91°, on the sole of the foot 90.°t 
Dr. J. Davy found the temperature of the rectum, in several experi¬ 
ments, somewhat higher than that of the brain: this appears extra¬ 
ordinary, and probably arose from some error of observation. MM. 
Breschet and Becquerel in investigating this subject employed the 
thermo-electric multiplicator. Into the part of which the temperature 
was to be examined, they thrust a needle composed of two different 
needles united at the point, and connected the other ends of the needles 
with the wires of the multiplicator. They found the temperature 
of muscle (at the depth of four centimeters) from 2° to 1-25 centim. 
higher than that of the subcutaneous cellular tissue, (at the depth of 
one centimeter), a difference which may be ascribed to the loss of 
heat at the surface of the body. The mean temperature of the 
muscles in man was 36-77° C. or about 97° Fahr. In the dog the 
temperature of the thorax, abdomen, and brain, was the same as 
that of the muscles. Dr. Davy’s experiments on the temperature of 
the different kinds of blood are very interesting. Eleven experiments 
were instituted on sheep and oxen; and from the mean of these ex- 

* Meckel, Archiv. 8. 

f Dr. J. Davy, Phil. Transact. 1814.—Meckel, Archiv. ii. p. 312. See also J. 
Hunter’s experiments in his Treatise on Animals producing heat. Works. 
Palmer’s edition, vol. iv. p. 145. Also his complete works. Philadelphia edit. 
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periments it would appear, that the temperature of arterial blood is 
about 1 ° or 45 ° F. higher than that of venous blood.* Mayert found 
the temperature of the blood of the jugular vein to be from 1° to 2° 
R., or from 2i° to F. lower than that of the blood of the carotidj 
but he could not discover the difference of temperature of the blood 
of the two sides of the heart, which is spoken of by Davy. Saissy 
has made similar observations on hybernating animals. MM. Bec- 
querel and Breschetf have further investigated this subject, employ¬ 
ing the thermo-electric multiplicator. The mean difference between 
the temperature of the venous and arterial blood of the aorta and 
vena cava descendens in the dog was found by them to be 101° C. 
or 1-82° F.; the mean difference between the arterial and venous 
blood of the femoral artery and vein was 0-90° C. or 1-62° F. The 
temperature of the blood of the left auricle in a Turkey was 0-90° 
C. or 1-62° F. higher than the blood of the right auricle. The tem¬ 
perature of the blood both of the arterial and of the venous system 
diminishes from the heart towards the extremities. 

1. Theory of the production of heat in respiration .—According 
to the theory of respiration, invented by Lavoisier and Laplace, and 
adopted by most modern chemists, the oxygen of the atmosphere 
combines in the lungs with the carbon of the blood, and is expired 
in the form of carbonic acid; and if more oxygen disappears from 
the atmosphere than is accounted for by the carbonic acid expired, it 
is supposed, according to a second hypothesis, that this portion of the 
oxygen which does not go to form carbonic acid, unites with hydro¬ 
gen in the blood, and forms water, which is exhaled. Admitting 
these hypotheses, it might be imagined that the source of animal 
heat was the caloric developed during the combination of the oxygen 
with the carbon and hydrogen in the lungs. To render this more 
probable, and to explain more easily the distribution through the 
body of the caloric, when developed. Dr. Crawford§ stated, that 
arterial blood has a greater capacity for caloric than venous blood, 
in the proportion of about IDS to 10. Thus he supposed, that the 
caloric developed in the lungs at first served to maintain the tem¬ 
perature of the arterial blood; and that afterwards, during the con¬ 
version of this arterial blood into venous blood in all parts of the 
body, the heat, before latent in the former, was set free. Dr. J. 
Davy has, however, shown that the capacity of the two kinds of 
blood for caloric differs, either not at all, or only very slightly, as in 
the proportion of 10 to 10-11. 

But, supposing that Lavoisier’s theory of respiration is correct, the 
amount of caloric that can be generated by the respiratory process 
may be ascertained by direct calculation. This calculation has been 
made by Dulong and Despretz. Dulong introduced different mam- 

♦ Davy, Tentamen experimentale de sanguine. Edinb. 1814.—Meckel, Archiv. 
i. 109.—Phil. Transact. 1814. 

f Meckel’s Archiv. iii. 337. f: L’Institut. 190. 

§ Dr. Crawford, on animal heat.—Versucheund Beobachtungen liberdie Warme 
der Thiere. Leipzic, 1799. 
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miferous animals, carnivorous as well as herbivorous, into a receiver, 
in which the changes produced in the air by respiration, and the 
volume of the different products, could be determined; at the same 
time that the amount of caloric lost by the animal could be ascer¬ 
tained. Dulong found, that all animals extracted from the air more 
oxygen than was accounted for by the carbonic acid which they ex¬ 
haled. In herbivorous animals, the oxygen thus lost amounted on 
an average to only of the whole quantity of the same gas ex¬ 
tracted from the air; in carnivorous animals, the maximum quantity 
of this oxygen, which was not converted into carbonic acid, was 2 , 
the minimum i, of the whole amount of oxygen consumed. If, now, 
it be admitted, that, by the conversion of the oxygen into carbonic 
acid during respiration, the same quantity of caloric is developed as, 
according to Laplace and Lavoisier, is produced by the combustion 
of carbon in oxygen gas, it will be found by calculation that only yV 
of the heat that is lost during a given time by herbivorous animals, 
and i of that which carnivorous animals lose in the same space of 
time, can be thus accounted for. Again, admitting that the oxygen, 
which is converted into carbonic acid, is consumed in forming water 
by uniting with hydrogen, and that as much caloric is thus gene¬ 
rated as would be developed during the combustion of equal quan¬ 
tities of oxygen and hydrogen, still the whole quantity of caloric 
produced by the combination of carbon and hydrogen with the oxy¬ 
gen, would amount only to from 3 to f of that which is developed 
during the same space of time by carnivorous as well as herbivorous 
animals.* 

Despretz placed animals in a vessel surrounded with water; an 
uninterrupted current of air to and from the vessel was maintained, 
and the volume and composition of the air employed were ascer¬ 
tained both before and after the experiment, which was continued 

or 2 hours, as well as the increase in the temperature of the sur¬ 
rounding water during this period: by this means it was found that 
the heat, which should have been generated in the respiratory pro¬ 
cess according to Lavoisier’s theory, would account for from 0 76 to 
0-91 only of that which the animals really gave out during the same 
time.t 

From these experiments it results, that, even if the chemical theory 
of respiration is adopted, there must be still some other source of 
animal heat. But it is exceedingly improbable that the water ex¬ 
haled from the lungs is formed during the respiratory process by 
the union of its elements; it is much more likely that a part of the 
oxygen is retained by the blood. The heat derived from the union of 
the oxygen and carbon is, therefore, all which can be taken into 
account, and this would, according to Dulong, amount in herbivora to 

only, and in carnivora to 5 only of the heat really developed in the 
body. Besides, it is at present merely an hypothesis that the oxygen 
of the atmosphere unites with the carbon in the lungs to form car¬ 
bonic acid. According to another view, which would explain the 

* Berzelius, im Schwedischen Jahresbericht. Boun, 1824, p. 67.—See also 
Neues Journal fiir Chetnie und Physik. N. R. Bd. 8. S. 505. 

f Gmelin, Chemie, tom. iv. p. 1523.—Ann. d. Chim. et de Phys. 26, 338, 
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phenomena equally well, and which the still later experiments of 
BischofF, Magnus, and Dr. Davy seem to establish as correct, the 
oxygen combines with the carbon in the course of the circulation, 
and thus imparts to the blood a higher temperature. Wherever the 
carbonic acid is formed,—whether in the lungs or in the blood,— 
the oxygen inspired would in either case be the proximate cause of 
its formation, and the respiration therefore might be regarded as a 
cause, mediate or immediate, of animal heat; and, adopting the 
results obtained by Dulong, it might be admitted that in herbivora 
-/g-, in carnivora 5 , of the animal heat is generated by the respiratory^ 
process. This being conceded, it would be easy to explain not only 
the want of perceptible independent heat in the embryo, in which 
no oxygen is inspired, but also the circumstance that the subjects of 
the morbus coeruleus (in whom respiration is impeded from defect 
of the circulatory organs), have sometimes a temperature some de¬ 
grees lower than natural, as well as the small degree of independent 
heat possessed by cold-blooded animals (in which only a part of the 
blood is aerated, as in reptiles, or in which respiration is performed 
only by means of the air dissolved in water, and is consequently less 
perfect). To put the chemical theory of animal heat to a decided 
test, experiments must be instituted on the plan of those of Dnlong 
and Despretz, but on cold-blooded in place of warm-blooded animals, 
to ascertain whether, calculating from the changes produced in the 
air by their respiration, the quantity of caloric generated by the 
chemical process would not be too large to account for the very 
small quantity of heat evolved. This is an interesting problem for 
chemical inquiry. The main fact, however, of the vast influence 
which respiration exerts over the evolution of animal heat, is un¬ 
doubted, although we may fail to find either a chemical or a physio¬ 
logical explanation. The observations of Mr. Newport (Philos. 
Transact. 1837) are very interesting. He shows that the larva, in 
which the respiratory organs are smaller in comparison with the 
size of the body, has a lower temperature than the perfect insect. 
Flying insects have the highest temperature, and they have always 
the largest respiratory organs, and breathe the greatest quantity of 
air; while, among terrestrial insects, those produce the most heat 
which have the largest respiratory organs and breathe the most air. 
During sleep, hybernation, and the state of inaction generally, respi¬ 
ration is slower or suspended, and the temperature is proportionally 
diminished; while on the other hand, when the insect is most active 
and respiring most voluminously, its amount of temperature is at its 
maximum, and corresponds with the quantity of respiration. Neither 
the rapidity of the circulation nor the size of the nervous system, 
according to Mr. Newport, presents such a constant relation to the 
evolution of heat, (a) 

(a) The chemical theory, of animal heat being developed in the combination of 
oxygen with carbon and hydrogen, ought not to rest on any particular theory of 
respiration, nor require for its support more than the general fact, that oxygen 
finds entrance into the blood, and with this fluid reaches all parts of the organism. 
It is during this time, or, to be more specific, from the moment of oxygen penetrating 
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2. Generation of heat in the organic processes .—There must be 
other sources of animal heat, besides respiration. Some physiolo¬ 
gists, and among them Professor von Walther and Dr, Paris, have 
thought to find a principal source of animal heat in the different 
secreting processes, by which fluids having a less capacity for caloric 
than the blood are separated from the latter fluid, since caloric 
before latent must thereby be rendered sensible. According to Dr. 
Crawford, the capacity of milk for caloric is less than that of the 
blood. Dr. Paris* estimates the capacity of urine for caloric at 0'777, 
that of arterial blood at 1-003. These results are, however, directly 

the pulmonary mucous membrane, and entering into the radicles of the pulmonary 
veins, to that in which it is conveyed to all the tissues by the delicately reticulated 
arterial or aortic capillaries, that it is continually undergoing combination with 
other elements, and in a more especial and constant manner with carbon aiid hy¬ 
drogen. Not then in the circulation, but in the conversion of blood into various 
secretions, by this union of oxygen w-ith carbon and hydrogen, is caloric evolved. 
Respiration, as the chief means of introducing oxygen into the body, is the chief 
supporter, but not the creator, of animal heat. It fu/nishes the pabulum, oxygen, 
or the material for combination, but the combination itself (of oxygen with carbon 
and hydrogen) is a separate process, just as chylosis is separate from chymoses, 
or secretion from circulation. The origin and real character of the process of the 
development of animal heat is w'ell expressed by Liebig, in the following passage 
of his Animal Chemistry: “The mutual action between the elements of the food 
and the oxygen conveyed by the circulation of the blood to every part of the body 
is the source of animal heat.’’' The elements of the food here mentioned are carbon 
and hydrogen. 

“According to the experiments of Despretz, 1 oz. of carbon evolves, during its 
combustion, as much heat as would raise the temperature of 105 oz. of water at 
33° to 167°, that is, by 135 degrees; in all, therefore, 105 times 135°=14207 
degrees of heat. Consequently, the 13-9 oz. of carbon which are daily converted 
into carbonic acid in the body of an adult, evolve 13-9x 14207°=197477'3 de¬ 
grees of heat. This amount of heat is sufficient to raise the temperature of 1 oz. 
of water by that number of degrees, or from 32° to 197509-3°; or to cause 136-8 
lbs. of water at 3*2° to boil; or to heat 370 lbs. of water to 98-3 (the temperature 
of the human body); or to convert into vapour 24 lbs. of water at 98-3°. 

“If we now assume that the quantity of water vaporized through the skin and 
lungs in 24 hours amounts to 48 oz. (3 lbs.), then there will remain after deduct¬ 
ing the necessary amount of heat, 146380-4 degrees of heat, which are dissipated 
by radiation, by heating the expired air, and in the excrementitious matters. 

“ In this calculation, no account has been taken of the heat evolved by the hy¬ 
drogen of the food, during its conversion into water by oxidation within the body. 
But if we consider that the specific heat of the bones, of fat, and of the organs 
generally, is far less than that of water, and that consequently they require, in order 
to be heated to 98-3°, much less heat than an equal weight of water, no doubt can 
be entertained, that when all the concomitant circumstances are included in the 
calculation, the heat evolved in the process of combustion, to which the food is 
subjected in the body, is amply sufficient to explain the constant temperature of 
the body, as well as the evaporation from the skin and lungs. 

“All experiments hitherto made on the quantity of oxygen which an animal 
consumes in a given time, and also the conclusions deduced from them as to the 
origin of animal heat, are destitute of practical value in regard to this question, 
since we have seen that the quantity of oxygen consumed varies according to the 
temperature and density of the air, according to the degree of motion, labour, or 
exercise, to the amount and quality of the food, to the comparative warmth of the 
clothing, and also according to the time within which the food is taken.”— Liebig., 
Op. cit. 

* Lend. Med. and Physic. Journal, 21, 1809.—Meckel, Archiv. ii. 308. 
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opposed to those obtained by Dr. Nasse, who found no difference, as 
regards their capacity for caloric, between the different secretions 
and water; while Dr. Davy also detected scarcely any difference in. 
this respect between the blood and water. M. Pouillet* has directed 
attention to another source of heat in the vital processes. All solid 
bodies, inorganic as well as organic, undergo an elevation of tem¬ 
perature when moistened with different fluids. This elevation of 
temperature is much greater in organic substances; in several cases 
M. Pouillet found that it amounted to from 11° to 18° of Fahrenheit. 
The solution of the food by the fluids of the stomach might be taken 
as an example, and perhaps the slight increase of heat which attends 
digestion might be thus explained. But a more considerable and 
more general source of animal heat is undoubtedly to be found in the 
organic processes, in which by the operation of the organising forces 
on the organic matter heat is generated, not in one, but in every 
organ of the body: hence it is, that in cases of long fasting, in which 
the separation of the old, but not the organisation of new matter 
continues, the temperature of the body, according to Martine, falls 
considerably, even to the extent of several degrees, although at the 
same time the source of caloric in the formation of carbonic acid 
remains. A case of stricture, or closure of the oesophagus, related 
by Dr. Currie, seems however to contradict this. In inflammation, 
the flow of blood to the part is increased, and the temperature is at 
the same time elevated; but Dr. J. Thomsont thinks that it never 
rises higher than the temperature of the blood in the great vessels. 
In scrofulous tumours in a state of active inflammation, MM. Bec- 
querel and Breschet found the temperature raised as much as 5^° F. 
Muscular contraction, also, they state, is attended with an elevation 
of temperature in the part to the extent of lf° or 3f° Fahr. It was 
also observed by the same writers that a feverish state of the body 
caused its temperature to rise to 5^° F.; while, as is well known, the 
depression of vital energy in nervous affections, and in rigors, causes 
the temperature of the body to fall, although respiration is unaffected. 
Dr. Currief found the temperature in the palm of the hand during 
syncope to be as low as 63° F. 

3. Influence of the nerves in the generation of heat. —Now, 
since all organic processes are chiefly dependent on the influence 
exerted by the nerves on the organic matter of the body, it cannot 
appear wonderful if the reciprocal action between the organs and 
the nerves is a main source of animal heat. The experiments of 
Brodie, Chaussat, and others, have proved this. Elliot and Home 
have observed that, after division of the nerves of a limb, its tem¬ 
perature falls, and this result is confirmed by the observation of all 
experimenters as to the effect of division of the nervus vagus. The 
diminution of temperature is detectible by a thermometer; the mere 
sensation of cold after injury to the nerves of a limb must not be 

* Ann. Chem. Phys. 20, 141.—Meckel, Archiv. viii. 233. 

f Lectures on Inflammation. Edinb. 1813, p. 46. 

Currie, Wirkungen, des Callen, und Warmen VVassers. Leipsic, Bd. i. 267. 
Currie on Cold Affusion. 
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confounded with it. Mr. Earle* * * § found the temperature of the hand 
of a paralysed arm to be 70° Fahr. while that of the sound side had 
a temperature of 92° Fahr. On electrifying the limb, the tempera¬ 
ture rose t® 77°. In another case the temperature of the paralysed 
finger, was 56° Fahr. while that of the unaffected hand was 62®. 
MM. Becquerel and Breschet, however, detected no difference be¬ 
tween the temperature of the sound limb and that of the paralysed 
limb in hemiphegia. 

Sir B. Brodiet stated as the result of his experiments that, if arti¬ 
ficial respiration was kept up in animals killed by decapitation, 
division of the medulla oblongata, destruction of the brain or poi¬ 
soning with Woorara poison, the action of the heart continued, and 
the blood underwent the usual changes in the lungs, as shown by 
the analysis of the air respired, but that the heat of the body was 
not maintained: on the contrary, that it became cold more rapidly 
than the body of an animal in which artificial respiration was not 
kept up, being cooled by the air forced into the lungs. 

However they may have been opposed by others, (Legallois, Hale, 
Wilson Philip,) Brodie’s experiments are, still, for the main point, 
convincing. He has shown, that living rabbits expire 28-22 cubic 
inches of carbonic acid in half an hour; that, when artificial respi¬ 
ration is kept up in rabbits after death by poisoning, or destruction 
of the medulla oblongata, a quantity of carbonic acid, varying from 
20-24, or 25-55 to 28-27 cubic inches, is still exhaled; thus, that 
under these circumstances, the products of respiration are nearly the 
same as ordinarily during life, and that, nevertheless, the tempera¬ 
ture falls six degrees of Fahrenheit in the course of an hour after 
the division of the medulla oblongata.^ The sinking of the tempe¬ 
rature of the body, which Legallois stated to be constant in animals 
fastened down upon their back, was not observed by Chaussat§ in 
dogs; on the contrary, Chaussat confirms Brodie’s observations. 
After injury of the brain, the temperature fell from 104® to 75° 
Fahr. before death, which occurred in from eleven to twenty-two 
hours. Division of the nervus vagus, which, without essentially 
affecting the chemical process of respiration, produces death, accord¬ 
ing to Legallois, by inducing congestion of the lungs with serum or 
blood, caused the temperature of the body to fall, during a period 
varying between twelve and thirty-six hours, as low as 97® or 98^® 
Fahr. and at last even to 68®. In all these experiments, unfortu¬ 
nately, the temperature of the atmospheric air is not mentioned. 
Injuries of the spinal marrow produced more striking effects on the 
animal heat, the higher the seat of the injury; so that the effects on 
the generation of caloric, like other consequences of lesions of the 
spinal cord, were greater in proportion to the number of nerves 
arising below the point of injury. 

* Earle, in Med. Chirurg. Transact, vii. 173. Meckel, Archiv. iii. 419.—See 
also Yelloly, in Med. Chir. Transact, iii. 

t Phil. Trans. 1811, 4; 1812, 37S. 

4: See Nasse’s Remarks on Brodie's experiments in Reil’s Archiv. xii. p. 404. 

§ Meckel, Archiv. vii. 282. 
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Chaussat endeavours, lastly, to prove, that the sympathetic nerve 
also has a great share in the production of animal heat: but he at¬ 
tributes undue importance to inconclusive experiments, which prove 
little or nothing, and he does not perceive how many objections might 
be made to them. 

Several of the facts which we have mentioned prove, however, 
that the influence of the nerves in the organic processes of the body, 
contributes greatly to the production of animal heat in other parts 
than the lungs. IBerzelius is also of this opinion, which moreover 
seems to derive confirmation from the rapid and momentary increase 
of temperature, sometimes general, at other times quite local, which 
is observed in states of nervous excitement; from the general in¬ 
crease of warmth of the body, sometimes amounting to perspiration, 
which is excited by passions of the mind; from the sudden rush of 
heat to the face, which is not a mere sensation; and from the equally 
rapid diminution of temperature by the depressing passions. All 
these phenomena, however, might be explained by the increased or 
diminished flow of blood to the part, and in some cases also by a 
change induced in the heart’s action. From the facts at present 
known, we deduce the inference, that elevation of temperature takes 
place in all organic processes, but that it is in part determined by the 
influence exerted on these processes by the nerves.(a) 


(a) Liebig (ojo. cit.') objects to the opinion of the nervous system’s generating 
caloric, except in an indirect manner, through its influence on respiration and 
the organic processes, all of which are modified in their rates and completeness 
of introducing and disposing of oxygen by nervous influence. This, however, is 
nearly all that is supposed by the enlightened physiologists who advocate nervous 
agency in the production of animal heat. Nobody, we believe, supposes that 
heat is struck out by the action of the nerves on other tissues with which they 
are connected or blended, as it would be by friction of two bodies, or by the com¬ 
bination of two electricities. By the excitement which they transmit to the re¬ 
spiratory function, the nerves accelerate it, and thus increase the introduction of 
oxygen into the blood; by that to the arteries and capillaries they quicken the cir¬ 
culation, and the ultimate changes, or secretions, by which oxygen combines with 
carbon and hydrogen, and thus furnishes animal heat. The nerves perform the 
same part in calorification as they do in the secretions in general. They do not 
furnish the pabulum, nor strike out the product—heat or secretion—by any electric 
or galvanic process: they simply accelerate, when they are themselves excited, 
and when they are depressed, they retard, the new combinations in the secreting 
capillaries, by which animal heat and animal secretions are evolved. But not only 
are the lungs modified in their rate of absorbing oxygen, but the heart also in that 
with which it circulates this oxygen, which reaches its left side after being mixed 
with the blood of the pulmonary veins. 

That the apparatus for respiration and circulation and innervation are, after all, 
but instruments for spreading the materials and quickening their combinations, but 
not essentially necessary for forming these combinations and evolving their result, 
in animal heat and secretions, is manifest from the fact, that these phenomena 
take place in vegetable life, as in plants, which have neither lungs, nor circulation, 
nor nerves. Applied to some plants, as the arum, the thermometer has risen to 
121° Fahr., the temperature of the surrounding air at the time being 66°. But, 
in denying lungs to plants, we cannot deny that a process goes on in them analo¬ 
gous to respiration in animals, viz. the absorption of oxygen, and its combination 
with carbon, and carbonic acid resulting, a process which takes place at the sur¬ 
face of the plants and mainly in their leaves. In some animals, as in frogs for 
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If now the warm-blooded and cold-blooded animals are compared, 
the cause of the difference of temperature in the two may be sought, 
either in the relative intensity of the respiratory process, or of the 
organic processes generally. Without referring one phenomenon to 
another as its cause, it may be remembered, that in eold-blooded 
animals the size of the central parts of the nervous system is smaller 
in proportion to the nerves themselves; that the respiratory process 
is far less aetive in proportion to the weight of their body; that, 
aceording to Prevost and Dumas, their blood, and according to 
Saissy, that of hybernating animals also, contains less coagulable 
matter; and, lastly, that birds and some Mammalia, the blood of 
which was found by Prevost and Dumas, to contain a larger 
quantity of red particles and coagulable matter, also have a higher 
temperature. 

Effects of Heat and Cold .—The facts relative to winter and 
summer sleep are closely connected with the known depressing in¬ 
fluence of a long-continued high temperature on the functions of the 
nervous system in man, and this is a very fit occasion for comparing 
the effects of heat and cold. Both may induce a disturbance of the 
excitability of the body, as well as irritcttion, inflammation, and 
sphacelus. The sudden and violent action of cold on warm animal 
tissues has a disorganising effect. Very cold bodies, when touched, 
produce a sensation of pain and then numbness. When the cold is 
more extreme, sphacelus or local death ensues. A slighter applica¬ 
tion of cold, by extracting the animal heat, produces symptoms of 
inflammation and irritation, from the effort which is made by nature 
to restore the balance in the part. A moderate degree of cold has 
at first an exciting effect. Thus cold water produces instantaneous 
reddening of the skin, as I have myself observed when bathing in 
the month of October; but this effect is only momentary, and the 
phenomena of disturbance of the internal organs from extraction of 
heat soon follow. Cold is sometimes used in this way, as a stimu¬ 
lant, to produce a temporary disturbance of the nervous system, 
which may be beneficial. In fevers with a hot dry skin, cold water 
often acts indirectly as a vivifying stimulant, and restores the action 
of the skin, as warmth does in parts suffering from cold. The se¬ 
condary effects of continued cold are always depression of the powers 
of the nervous system. The gradual action of a high degree of 
cold by withdrawing a vital stimulus, induces in the human subject 
a state of torpor, and in hybernating animals that of hybernation; 
a too elevated temperature also depresses gradually the action of the 
nervous system, but probably by its producing a change of compo¬ 
sition; and excessive heat with want of water, causes asphyxia in 
the sandy deserts, and gives rise to the summer sleep of reptiles and 
of the tanrec in hot climates. 

example, the chief chemical changes in the air are, as Dr. Edwards has found, 
brought about by means of the skin. Even in man himself, the skin is active in 
absorbing oxygen and giving out carbonic acid, and of course in contributing to 
the evolution of animal heat. 
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3. Of the development of light in animals. 

It is now known with certainty that the phosphorescence of the 
the light visible in the waves, especially in the track of sailing 
vessels,—which has been observed as far south as 60®, arises from 
the presence of luminous animals in the water. These animals 
are in part Infusoria, in part Rotifera, in part Polypifera, in which 
it is chiefly the polypes themselves which are luminous; while many 
Medusm, some Annelida, Mollusca, and Crustacea also contribute to 
the phosphorescence of the sea. It appears, that even the mucus 
and water which flow from these animals is sometimes luminous. 
Meyen* distinguishes three sources of phosphorescence in the sea:— 
1. Mucus dissolved in the sea-water: 2. Animals covered with a 
phosphorescent mucus. The production of light here appears to 
depend on the oxidation of the mucous covering of the animals, for 
when it has disappeared in consequence of a slight change produced 
in the surface, such as a stroke of the finger produces, it is quickly 
restored. 3. Animals possessing proper phosphorescent organs. 
Meyen examined particularly the Pyrosoma atlanticum, of which 
the light is very vivid, and of a greenish blue colour. As soon as 
the animals were touched by the net, used in catching them, they 
sank in the water and ceased to emit light. When one of the crea¬ 
tures, kept in water after capture, was touched, the light first ap¬ 
peared as very minute sparks, which issued from a dark, almost 
cone-shaped, body in the substance of each of the separate individuals 
forming the compound animal. This dark conical body is soft, and 
of a red-brown colour. It lies in each individual close behind the 
oral orifice, and somewhat in front of the respiratory organs, and is 
generally very close to the internal surface of the compound Pyro¬ 
soma. Its apex presents under the microscope from thirty to forty 
very minute red points. 

Ehrenbergt also has observed many new facts which tend to clear 
away the obscurity which hitherto involved the subject. The first 
animal which he detected as phosphorescent was the Polynoe fulgu- 
vans, an annelide of the Baltic, in which the fulgent organs are two 
large granulated bodies like ovaries. Water of the Baltic sent to 
Berlin was still phosphorescent with these animals. The Oceania 
hemispherica, which measures more than an inch in diameter, pre¬ 
sented an entire zone of luminous points at the circumference of its 
disk. These luminous points always corresponded to the thick bases 
of the great cirri, or to organs near them and alternating with them. 
No light issued from any other part of the body of these animals 
either during life or after death. From further observations Ehren- 
berg became more and more convinced that dead Infusoria do not 
emit light any more than fragments of dead fishes or mucus floating 
in the water. In the Nereis cirrigera [Photocaris, Ehrenberg), the 

* Nov. Act. Nat. Cur. vol. xvi. Suppl. 

t Uber das Leuchten des Meers, Abhandl. der K. Acad, der Wissensch, zii 
Berlin, 1835. This paper contains also a complete historical account of the facts 
previously known. 
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light is given out by two fleshy cirri upon each of the feet. A flick¬ 
ering of a few sparks upon each cirrus was first seen; then the whole 
cirrus shone; and at last the emanation of light extended over the 
back, and the entire animal resembled a burning match. The mucus 
of the Photocaris adhering to the fingers, was likewise phospho¬ 
rescent, Ehrenberg doubts whether the development of light is in 
any way connected with respiration, but believes it to have some 
relation to the sexual function. The faculty of developing light 
seems to him to be a vital function very similar to that of the deve¬ 
lopment of electricity; when frequently excited, it becomes weaker, 
and is gradually lost for a time, and it has, moreover, an evident 
connection with the action of the nerves. 

The Naturalists of the Bonite* found the phosphorescence of the 
sea to be essentially due to the presence of organised beings. They 
observed that the small luminous Crustacea emitted, when irritated 
in any way and under some other circumstances, real jets of phos¬ 
phorescent matter, which, at the moment of its being ejected by the 
animal, rendered the water luminous. Besides the different lumi¬ 
nous Crustacea, Mollusca, and Zoophyta, the French naturalists 
observed very small yellowish bodies, which were endowed with a 
uniform phosphorescence. These bodies were motionless when 
viewed under the microscope. They varied in form; those observed 
near the Sandwich Isles were globular and transparent, with a yel¬ 
lowish point in the centre; those obtained at the Malacca Straits 
were slightly ovoid, reniform, and wholly yellow. Re-agents caused 
their phosphorescence to become at first more brilliant, after which 
it was insensibly extinguished. These bodies were sometimes so 
abundant as to make the surface of the sea for a great extent appear 
as if covered with a yellow powder. 

The luminous bisects are the Elater noctilucus, phosphoreus, and 
Ignitus; the Pausus sphxrocerus, Scarabxus phosphoreus, several 
species of Lampyris, and the Scolopendra electrical In the fire-fly 
{Elater), the principal sources of the light are two oval spots at the 
side of the thorax covered with transparent laminje. Treviranus could 
discover no difference between the luminous substance and the fat of 
the body. In the glow-worms {Lampyris nocticula and splmdiduld) 
the light issues from the under surface of the last three abdominal rings, 
particularly from two whitish spots on the last ring; the ova of the 
Lampyris splendidula are also luminous, and it seems that the pupa 
and larva are not entirely without light. The opinion of Treviranus 
appears most probable; namely, that the light is derived from a mat¬ 
ter containing phosphorus, which is formed under the inffuence of 
light, but, once formed, is in some measure independent of light. 
Several phenomena would lead us to believe, that luminous insects 
absorb light during the day, like the Bononian stones, and emit it 
in the evening: this was indeed the opinion of Carridori, Beccaria, 
and Monti, and is supported more especially by the circumstance that 

* Comptes Rendus, 1838, i. 458. 

f Treviranus, Biol. 5. 97. 
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this absorption of light is evidenced by several mineral substances, 
such as sulphate of barytes mixed with sulphuret of barium, oyster- 
shell heated to redness with sulphur, &c., and also by several organic 
substances, when dried, such as seeds, flour, starch, acacia gum, 
quills, cheese, yolk of egg, muscle, tendon, isinglass, glue, and horn. 
But such an opinion does not accord with the observation of Todd 
and Murray, that glow-.worms shine in the evening, even when they 
have been kept in the dark during the day; Macaireand Macartney, 
however, deny that this is the case.t 

Development of light in the higher animals .—There is no in¬ 
stance known of the development of light in any of the higher ani¬ 
mals, except, perhaps, the phosphorescence of the ova of lizards, 
and that which has been sometimes observed in the urine. The 
supposed luminous property of the eyes of many Mammalia, par* * * § 
ticularly of the predacious animals, and more especially cats, and 
also of the eyes of oxen and horses, is now regarded as one of the 
superstitions of medicine. The luminous appearance of the eyes 
of some animals arises from the reflection of light from a brilliant 
tapeturn which is devoid of black pigment; for which reason the 
eye of the white rabbit is especially brilliant, and the eyes of the 
Albino Sachs are said to have been luminous. Prevostt was the 
first to explain the phenomenon; he showed that it could never be 
seen in complete darkness, and is dependent neither on the will, nor 
on the passions; but is the effect of the reflection of light which 
enters the eye from without. Independently of Prevost, Gruithuisen, 
Rudolphi, Esser and Tiedemann have observed the same facts; and 
my own observations are coincident with theirs. The question has 
been finally decided by the observations of Hessenstein.J His ex¬ 
periments show that the eyes of animals, even when irritated, never 
appear luminous in perfect darkness, but that the admission of the 
smallest quantity of light, even of the light of the moon, is sufficient 
for the production of the phenomenon, which ceases, however, as 
soon as the external light is excluded. His observations on the re¬ 
flecting white pigment of the eyes of carnivora, are very interesting.§ 

Some persons have imagined that the sensation of light produced 
by pressing the eye, was also owing to the emission of light. But 
it is a mere sensation like that of pain in the skin, and is produced 
by any irritation of the retina, from whatever cause, whether from 
chemical, mechanical, or electric stimuli, or from an internal organic 
cause. The flashes of light perceived when the retina is thus irri- 

* Tiedemann, Physiol, i. 503. 

+ Biblioth. Britannique, 1810, t. xIt. 

^ In a good treatise, De Luce ex quorundam animalium oculis prodeunte, atque 
de Tapeto lucido. Jenae. 1836. 

§ See Anatomy of the Eye, in Chapter II. of the Section on Vision. 
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tated are unattended with any emission of light, and are, therefore, 
never visible to any other person than the subject of them.*(«.) 

■* Compare my remarks on a medico-legal case, in which a person was said to 
have recognised a robber by the light produced by a blow on the eye. Muller’s 
Archiv. fiir Anat. und Physiol. 1834, p. 140. 

(a) Sir Henry Marsh, in a paper in the Provincial MedicalJournal, (June, 1843,) 
after speaking of the elimination of light from certain vegetables and many of the 
inferior animals, details some cases of a similar production by the human subject. 
Two of these were phthisical persons, one a female, whose face, ten days previous 
to her death, was lighted up so as to give it “the look of being painted white 
and highly glazed; but the light danced about and had an extraordinary effect:” 
the other, a man, exhibited about him “ a luminous fog, resembling the aurora 
borealis,”—to use the words of Dr.’ Donovan, whose patient he was. Dr. D. at¬ 
tributed the appearances which he witnessed in this last case, “to the presence 
of phosphorescent matter in the expiratory and perspiratory secretions.” But, 
and the remark is an important one. Dr. Donovan adds, that the luminous appear¬ 
ances were not at any time visible to him on the person of the patient; the scin¬ 
tillations which he described were perceptible immediately over the head of his 
bed, on a wall composed of stone and clay mortar. The luminous fogs passed in 
streams through the apartment in which the sick man lay, and on one occasion 
Dr. Donovan fancied that he saw a meteor, like a falling star, suddenly pass 
through the house. Appearances of a similar nature, continues Dr. Marsh, are 
said to have been seen about the person of a woman named Pallister, who died 
some time ago in the neighbourhood of Hull, but no well authenticated accounts 
of the phenomena were procured. 

In the case of the woman first mentioned, the light was seen for the first time 
during a night when there was a candle burning in the room, but it was perfectly 
shaded, so that none of its light could be shed on the face of the patient. After¬ 
wards, however, the luntiinous appearance of the face was seen by the narrator, a 
friend of the patient, who sat up all night wdth her, when there was no candle in 
the room nor moon shining. The state of the system of the patient at this time 
was that of extreme exhaustion. 

Doctor Stokes related to Dr. Marsh the fact of a cancer on the breast of a poor 
woman, a patient in the Meath Hospital, emitting a “luminous fluid” from all 
parts. The light was visible to him when standing twenty feet from her bed; 
and within a few inches of the ulcer, it was sufficient to enable Dr. Stokes to 
distinguish the figures on a watch dial. 
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GENERAL ANATOMY. 


SECTION I. 

OF HISTOGENY, OR THE FORMATION AND DEVELOPMENT OF THE 

TISSUES. 

Component Proximate Principles of the Tissues. 

The proximate principles of the tissues are fibrin, albumen, 
gelatin, ozmazome, and fatty matter. Fibrin and albumen, the chief 
ingredients of blood, contain, in all, seven chemical elements, among 
which nitrogen, phosphorus, and sulphur are found. They contain 
also the earth of bones. 

Chemical analysis, says Liebig, has led to the remarkable result, 
that fibrin, albumen, and casein, contain the same organic elements 
united in the same proportion, so that two analyses, the one of 
fibrin and the other of albumen, do not differ more than two analyses 
of fibrin or two of albumen respectively do, in the composition of 100 
parts. We also learn that although in these two ingredients of blood 
the particles are arranged in a different order, as is shown by the 
difference of their external properties; yet in chemical composition, in 
the ultimate proportion of the organic elements, they are identical. 

This conclusion has lately been beautifully confirmed by a dis¬ 
tinguished physiologist (D6nis), who has succeeded in converting 
fibrin into albumen, that is, in giving it the solubility, and coagula¬ 
bility by heat, which characterise the white of egg. 

Fibrin, albumen, and casein, besides having the same composi¬ 
tion, agree also in this, that they dissolve in concentrated muriatic 
acid, yielding a solution of an intense purple colour. This solution, 
whether made with fibrin or albumen, has the very same re-actions 
with all substances yet tried. The group of these three principles 
is represented by protein.^ see note («) to page 15. 

As far, therefore, as our researches have gone, continues Liebig, 
it may be laid down as a law, founded on experience, that vegeta¬ 
bles produce, in their organism, compounds of protein; and that out 
of these compounds of protein the various tissues and parts of the 
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animal body are developed by the vital force, with the aid of the 
oxygen of the atmosphere and of the elements of water.* 

Now, although it cannot be demonstrated that protein exists ready 
formed in these vegetable and animal products, and although the 
difference in their properties seems to indicate that their elements 
are not arranged in the same manner, yet the hypothesis of the pre¬ 
existence of protein, as a point of departure in developing and com¬ 
paring their properties, is exceedingly convenient. At all events, it 
is certain that the elements of these compounds assume the same 
arrangement when acted on by potash at a high temperature. 

All the organic nitrogenised constituents of the body, how differ¬ 
ent soever they may be in composition, are derived from protein. 
They are formed from it, by the addition or subtraction of the ele¬ 
ments of water or of oxygen, and by resolution into two or more 
compounds. 

This proposition must be received as an undeniable truth, when 
we reflect on the development of the young animal in the egg of a 
fowl. The egg can be shown to contain no other nitrogenised com¬ 
pound except albumen. The albumen of the yolk is identical with 
that of the white; the yolk contains, besides, only a yellow fat, in 
which cholesterine and iron may be detected. Yet we see, in the 
process of incubation, during which no food and no foreign mat¬ 
ter, except the oxygen of the air, is introduced, or can take part m 
the development of the animal, that out of the albumen, feathers, 
claws, globules of the blood, fibrin, membrane and cellular tissue, 
arteries and veins, are produced. The fat of the yolk may have 
contributed, to a certain extent, to the formation of the nerves and 
brain; but the carbon of this fat cannot have been employed to pro¬ 
duce the organised tissues in which vitality resides, because the 
albumen of the white and of the yolk already contains, for the 
quantity of nitrogen present, exactly the proportion of carbon re¬ 
quired for the formation of these tissues. 

The true starting-point for all the tissues is, consequently, albu¬ 
men; all nitrogenised articles of food, whether derived from the 
animal or from the vegetable kingdom, are converted into albumen 
before they can take part in the presence of nutrition. 

Fibrin has been examined hitherto only in the solid state; but 
by filtering fresh frog’s blood, we obtain it in solution, and by allow¬ 
ing it, as it passes through the paper, to drop into a watch-glass 
which contains acetic acid, its coagulation is prevented; or if, in 
place of acetic acid, the glass contains solution of common salt, the 
fibrin either does not coagulate at all, or only in a very small pro¬ 
portion. In the same way the coagulation of the fresh blood of the 

* The experiment of Tiedemann and Gmelin, who found it impossible to sus¬ 
tain the life of geese by means of boiled white of egg, may be easily explained, 
when we reflect that a graminivorous animal, especially when deprived of free 
motion, cannot obtain, from the transformation or waste of the tissues alone, enough 
of carbon for the respiratory process. 2 lbs. of albumen contain only 3^ oz. of 
carbon, of which, among the last products of transformation, a fourth part is given 
off in the form of uric acid. 
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frog is delayed for a very long time, though not entirely prevented, 
by adding to it a solution of common salt. It has been long known 
that certain salts, such as sulphate of soda and nitrate of potash, 
when added in some quantity to fresh human blood, have the pro¬ 
perty of preventing its coagulation. And this in some measure ex¬ 
plains the action of the cooling salts on the blood in the treatment 
of inflammation; they produce some change in the fibrin, which 
counteracts the great tendency that it has in that morbid state to 
accumulate and coagulate in the vessels of the inflamed organ and 
on the surface of membranes after exudation.* 

It has also been long known that a watery solution of caustic 
potash or soda prevents the coagulation of human blood out of the 
body. According to MM. Prevost and Dumas, the coagulation of 
the blood of the higher animals, when removed from the body, is 
prevented by the addition of as little as -rtrVo^l^ of caustic potash. 
If the liquor sanguinis of the frog’s blood, while filtering, is made to 
drop into a watch-glass in which there is some liquor potassse, the 
fibrin does not coagulate to a clot, but there are slowly formed in it 
very small flocculi, which it requires close inspection to discover. 
The production of these flocculi is still more evident when the watch- 
glass contains sulphuric ether, fresh ether being added in proportion 
as it evaporates. No globules or flocculi are produced in the liquor 
sanguinis by the action of liquor ammonise. 

Fresh coagulated fibrin may be obtained for chemical analysis 
by washing the coagula which adhere to the twigs with which 
fresh blood has been stirred, or by merely washing the crassamen- 
tum. As thus obtained, it is specifically heavier than water, serum, 
or blood deprived of its fibrin; it sinks in all these fluids if it is free 
from air-bubbles. The following description of fibrin is borrowed 
from Berzelius:— 

Coagulated fibrin when washed is white; by drying, it becomes 
yellowish, hard, and brittle, but not transparent, and loses three- 
fourths of its weight. It becomes soft again when macerated in 
water, but is not dissolved. It has no particular smell or taste. At 
the temperature at which it undergoes decomposition, it melts, puffs 
up, and burns, leaving a shining cinder, just as is the case with other 
substances which contain nitrogen. The cinder burns to gray-white, 
compact, semi-fused ashes, which amount to § percent, of the weight 
of the dried fibrin. The ashes are neither acid nor alkaline: after 
solution in muriatic acid they leave traces of silica, but they consist 
chiefly of phosphate of lime, some phosphate of magnesia, and a 
very slight trace of iron. The components of the ashes cannot be ex¬ 
tracted by acids from the fibrin before combustion, and appear there¬ 
fore to have entered chemically into the composition of the fibrin, 
and not to have been merely mixed with it. In the coagulated state, 
fibrin is insoluble both in cold and warm water, but by long-con¬ 
tinued boiling in water its composition undergoes a change; it shrivels 
up, becomes hard, and falls to pieces on the slightest pressure. Dur- 

* See Dr. Burrows’s Croonian Lectures, Medical Gazette, 1834. » 
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ing this change no gas is developed; but the fluid becomes turbid, 
and is afterwards found to contain a newly formed substance derived 
from the components of the fibrin. The solution of this new sub¬ 
stance has no similarity to solution of gelatin.* 

Fibrin, coagulated albumen, casein, and colouring matter of the 
blood have this character in common, that they yield no gelatin by 
boiling in water. Fibrin has also, with some other substances, (but 
not albumen,) the property of decomposing peroxide of hydrogen by 
mere contact; oxygen being developed and water formed, while the 
fibrin remains unaltered. If the quantity of fibrin is large, heat is 
at the same time developed. It unites both with acids and alkalies, 
playing in the one case the part of a base, in the other that of an 
acid, or at least of an electro-negative substance. With concentrated 
acids it swells up, forming a transparent gelatinous acid substance; 
with diluted acids it forms a neutral compound, contracting consider¬ 
ably at the same time. The acid compound with the mineral acid 
is insoluble in water, the neutral compound is soluble; while both 
the neutral and acid compounds with acetic acid are soluble. The fer- 
rocyanuret of potassium, when added to a solution of fibrin in acetic 
acid, throws down a precipitate: this is characteristic of fibrin, dis¬ 
tinguishing it from cellular tissue, tendinous structure, and the elastic 
tissue of arteries. Albumen is acted on by the acids in the same 
way as fibrin. According to Caventou and Bourdois, fibrin, albumen, 
casein, and mucus, are dissolved by cold concentrated muriatic acid, 
and the solutions, if kept at a temperature of from 64° to 68° Fahr. 
acquire after twenty-four hours a beautiful blue colour; while this 
effect is not produced in the case of gelatin and the substance of ten¬ 
dons. If the fibrin used in this experiment had not been perfectly 
freed from the colouring matter, the fluid, instead of being blue, was 
purple or violet. Fibrin, albumen, and casein, also agree in being 
dissolved to a gelatinous mass by caustic potash and soda, without 
being, like horn, converted into a soapy substance. The gaseous 
elements of fibrin, according to the analysis of Gay Lussac and The- 
nard, and that of Michaelis,t are combined in the following propor- 


tions;— 

Gay Lussac and Thenard. 

Michaelis. 

Arterial Blood. Venous Blood. 

Nitrogen, 

19-934 

17-587 

17'267 

Carbon, . 

53-360 

51-374 

50-440 

Hydrogen, . 

7-021 

7-254 

8228 

Oxygen, 

19-685 

23-785 

24-065 


Fibrin exists in solution in the chyle and lymph as well as in the 
blood, and the muscles and uterus contain it in the solid state. In 
the fibres of the arteries, however, there is no fibrin. 

Albumen. —The substance which remains after the extraction of 
the lactic acid and osmazorne from the dried coagulum of the serum 
of the blood, is albumen. It is also an ingredient in lymph and chyle, 
in the white and yolk of the egg, (in the latter mixed with oil,) in 

* Berzelius, loc. cit. pp. 35, 36. 

f See also Berzelius, loc. cit. pp. 34-47.—E. H. Weber, loc. cit. p. 83. 
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the exhalations of the serous membranes, in the fluid of the cellular 
tissue, in the aqueous and vitreous humours of the eye, in the brain 
and nerves in combination with fat containing phosphorus, and in 
the contents of the Graafian vesicle of the ovary of Mammalia and 
man. Here we have to consider principally the albumen of the 
serum, and this in two states. 

«. Albumen in the state of solution .—In the serum it is in com¬ 
bination with soda, forming what is called albuminate of soda. Ber¬ 
zelius does not believe that the albumen of the serum is held in 
solution by means of the soda; for the soda may be saturated with 
acetic acid, without any precipitate being produced. Stromeyer 
found that ten drops of distilled vinegar were necessary to neutralise 
half an ounce of blood. If serum or solution of albumen is evapo¬ 
rated at a temperature below 140° Fahr., the albumen is left dry and 
transparent, and is in that state soluble in water. At a temperature 
between 158° and 167° Fahr. the albumen coagulates, and it is then 
insoluble in water. 

If serum is mixed with a large quantity of water, it no longer be¬ 
comes solid by heat, but coagulates in globules, so as to form a milky 
fluid, which, however, when evaporated, yields coagulated albumen 
with the usual characters. Albumen is coagulated by the action of 
the galvanic battery, by alcohol, mineral acids, metallic salts,—for ex¬ 
ample, by salts of tin,lead, bismuth, silver, and mercury,—by chlorine, 
and by infusion of galls; and the same effect is produced on the albu¬ 
men of the serum, according to the observations of Dutrochet and 
myself, by a very concentrated solution of fixed alkali;—for example, 
coagulation is produced when a small quantity of serum is mixed 
with a large quantity of liquor potassae. White of egg, however, 
unless undiluted, is not coagulated by liquor potassae. Liquor potassae 
precipitates also the albumen of lymph and chyle. Acetic acid, 
which throws down casein and the gelatin of cartilage from their 
solutions, does not precipitate albumen. Albumen of the egg is coa¬ 
gulated by pure ether, which produces no precipitate in serum. This 
was first observed by Gmelin, and I have since seen it confirmed. 

My experiments on fibrin in the fluid state as it exists in the blood 
have afforded me data for comparing it with albumen in a state of 
solution. Acetic acid produces no precipitate in serum, and none also 
in the solution of fibrin; thus the liquor sanguinis of frog’s blood, if 
allowed to drop from the filter into acetic acid, does not coagulate. 
The neutral salts produce no precipitate in serum; and many of them 
—as the carbonates of potash and soda, nitrate of potash and sulphate 
of soda,—prevent the spontaneous coagulation of fibrin. Common 
salt has the same effect on the fibrin in frog’s blood. Liquor am- 
moniae produces no precipitate in the fibrinous fluid obtained by fil¬ 
tration from frog’s blood, any more than in solution of albumen or in 
serum. Liquor potassae precipitates the albumen from serum, and 
likewise precipitates in small flocculi the fibrin of liquor sanguinis 
allowed to drop from the filter into a watch-glass containing it. Ether 
produces no precipitate in serum, but the fibrin coagulates when the 
liquor sanguinis or filtered frog’s blood drops into a watch-glass con- 

9 # 
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taining ether. The coagulation of fibrin by liquor potassoe or ether 
differs from its spontaneous coagulation, inasmuch as in the latter 
case a completely coherent coagulum is formed which is at first 
transparent and gradually becomes turbid or opaque, while in the 
artificial coagulation the fibrin takes the form of separate globules, 
as is often the case with albumen when coagulated. The principal 
differences between the solution of fibrin and that of albumen in the 
serum, are, that the former coagulates spontaneously, while albumen 
coagulates only under the action of heat or certain re-agents, and 
that the fibrin is precipitated by ether in the form of globules, while 
the albumen is not. Coagulated albumen and fibrin are readily dis¬ 
tinguishable from coagulated casein, by the latter substance when 
coagulated by acids and alcohol being again soluble in water. Al¬ 
bumen, fibrin, and casein, however, have the common character of 
being precipitated from their solutions in acids by ferrocyanuret of 
potassium 

If albumen in solution is mixed with acids or alkalies, the part 
which unites with the re-agent undergoes the same change as when 
it is coagulated, even although the re-agent does not precipitate it; 
thus it is precipitated from the solution in acetic acid when potash is 
added, and from the alkaline solution on the addition of acids, just 
as is the case with the colouring matter of the blood under similar 
circumstances. 

If a small quantity of a metallic salt is mixed with serum, and a 
rather larger proportion of caustic potash added than is necessary 
for the decomposition of the metallic salt, the oxide is not precipi¬ 
tated, but remains in solution combined with the albumen. Berze¬ 
lius, who mentions this, remarks that by this means metallic salts, or 
oxides, are absorbed fronj the intestinal canal or the skin, carried into 
the circulation, dissolved in the serum, and expelled with the excre¬ 
tions; and hence it is that after the continued use of mercury, we 
find the protoxide dissolved in the fluids of the body.^ Would not 
the extremely intimate combinations of the metallic oxides with 
albumen be useful in medicine? Albumen of the egg or serum co¬ 
agulates when mixed with concentrated solutions of earthy or me¬ 
tallic salts, and the coagulum contains the components of the salt. 
These coagulated combinations of albumen with salts also deserve 
a greater attention in medicine. Among the metallic salts already 
mentioned, the acetate of lead, and, still more, the bichloride of mer¬ 
cury, are remarkable as being the most delicate tests for albumen. 
Corrosive sublimate renders turbid a fluid which contains only 
part of albumen in solution. From its great tendency to unite 
chemically with this salt, albumen is an antidote for it. 

b. Albumen in the coagulated state, in which it consists of ag¬ 
gregated globules, has the same chemical properties as fibrin, and 
Berzelius knows no chemical test to distinguish them, except that 
coagulated albumen does not decompose the peroxide of hydrogen. 

* Autenrieth and Zeller, Reil’s Archiv. viii.—Schubarth, Horn’s Archiv. 1823 
Nov. 417.—Cantu, Mem. d. Tor. 29, 1825.—Buchner, Toxicol. 538. 
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Their elementary composition also differs little, as is seen by com¬ 
paring the analyses of albumen given by Gay Lussac and Thenard, 
Michaelis, and Prout, with those of fibrin already given. 


Gay Lussac and Thenard. 

Michaelis. 

Arterial. 

Vennur. 

Prout. 

Nitrogen, 

15-705 

15-562 

15-505 

15-550 

Carbon, 

52-883 

53-000 

52-650 

49-750 

Hydrogen, 

7-540 

6 993 

7-359 

8-775 

Oxygen, 

23872 

24-436 

24-484 

26-925 


Berzelius found the proportion of the albumen to the other consti¬ 
tuents in 100 parts of the serum of human blood to be as follows:— 


Water, ....... 

90-59 

Albumen, ....... 

800 

ChSeTf J^diu.nT‘® 1 Extracted by alcohol, . 

5 0-40 
} 0-60 

Modi6ed albumen-alkaline car- ) by water. 

Donate, and phosphate, \ ’ 

0-41 


100-00 

Casein. —This principle is procured from milk. 

It requires no 

specific notice just now beyond that already given. 

of its general 

identity with fibrin and albumen. 



Gelatin.— The new organic matters formed by the secretions— 
such as picromel, casein, mucus, &c.—being excluded from consider- f 
ation, the blood will be found to contain the proximate elements of 
all the solid parts of the body,—namely, fibrin, albumen, osmazome, 
lactic acid, and fatty matter. The only exception is the gelatin or 
gluten which is obtained from tendon, cartilage, bone, serous mem¬ 
brane, and cellular tissue, particularly that of the muscles. Par- 
mentier and Deyeux, and Saissy thought, indeed, that they had 
discovered gelatin also in the blood; but this was evidently an error. 
Gelatin is obtained from the parts above-mentioned by boiling water: 
its slight solubility in alcohol and cold water serve to distinguish it 
from osmazome. Its solution even in one hundred and fifty parts 
of hot water forms a jelly on cooling, which is a compound of the 
gelatin with water; this jelly is again soluble in boiling water, by 
which it is distinguished from fibrin and albumen. Gelatin is slowly 
soluble in acids and alkalies, and is precipitated by tannin, alcohol, 
bichloride of mercury, sulphate of platinum, chloride of platinum, 
and chlorine. It is not precipitated by the muriatic and acetic acids, 
acetate of lead, alum, sulphate of alumina, and sulphate of iron. 
The solution of gelatin in acids is not precipitated by ferrocyanuret 
of potassium. Some writers regard gelatin as a product of the de¬ 
composition of other animal matters in boiling, and in proof have 
adduced the observation of Berthollet, that muscular substance, 
which has ceased to afford gelatin by boiling, reacquires that pro¬ 
perty after undergoing putrefaction in a confined atmosphere, with 
development of carbonic acid.* It appears to me, however, that the 

* Consult Wienholt.—Meckel, Archiv. i. 206.—Berzelius, loc. cit. p. 661. 
The French translation, p. 703. 
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arguments in favour of that opinion are insufficient, and there are 
many others opposed to it. The tissues above-mentioned alone yield 
gelatin by boiling; there must consequently be a peculiar matter pre¬ 
existing in them, and my recent investigations have shown that this 
matter varies in its properties according to the ]>arts from which it is 
obtained. See the account of the chemical composition of the tissues 
to be given presently. 

OsMAzoME, or animal extractive of Thouvenet, is soluble both in 
water and alcohol, whether hot or cold; it deliquesces in a damp 
atmosphere, melts when heated, and is precipitated from its solutions 
by infusion of galls. Osmazome is found by Gmelin to exist also in 
saliva, and in the pancreatic and gastric j uices. Berzelius regards 
osmazome not as a peculiar substance, but as a compound of an 
animal matter with salts of lactic acid. 

Fatty Matter. —It is most probable that fat is really con¬ 
tained in the fibrin, albumen, and colouring matter, and is merely 
extracted from it by the process of boiling in alcohol, for the chyle 
from which the blood is formed contains fatty matters in the free state, 
in the form of emulsion; and during the formation of the blood, these 
fatty matters of the chyle unite probably more intimately with the 
other animal matters. Chevreul has, by means of ether, separated 
from fibrin a fatty matter, analogous to that which we obtain from 
the brain, and, like it, chiefly remarkable for containing phosphorus 
in a combined state. Berzelius also is now of opinion, that the fatty 
matter is only extracted, not produced, by the analysis; and he is led 
to this opinion more especially from observing that the fibrin is not 
chemically changed by the extraction of the fat by ether or alcohol, 
and that after the usual small quantity of fat is separated, no more 
can be obtained by continuing the process. The fatty matter of 
fibrin is, according to Berzelius, in a saponaceous state, for its solution 
in cold alcohol reddens litmus paper; a proof that at least a part of it 
must be in the state of an acid, as is the case after the process of 
conversion of a fat into soap. Berzelius describes two modifications 
of the fatty matter of fibrin, and concludes with the remark, that it 
has great resemblance to the acid salts of stearic and elaic acids with 
potash, described by Chevreul, except in its greater solubility in ether 
and alcohol. According to Chevreul, the fatty matter in fibrin 
amounts to 4 or 4^ per cent. Lecanu found a crystallisable fatty 
matter, and an oily matter in the blood; of the former there were 
from 1-20 to 2*10 parts, of the latter from 1 to 1'30 part in 1000 
parts of serum. Boudet* confirms Gmelin’s statement that the blood 
also contains cholesterine. 

When free, uncombined, fatty matter exists in the blood in unusual 
quantity, the serum is rendered milky by globules of fat floating in it; 
this is frequently observed in young animals, and more rarely in adult 
human beings.t 

♦ Essai Critique et Experimental sur le Sang. Paris, 1833. 

f See Dr. Babington, Med. Chir. Transact, vol. xvi.—Dr. Trail, Edinb. Med. 
and Surg. Journ. vol. xvii.—Dr. Christison, ibid, xxxiii.—M. Lecanu, Ann. de 
Chimie et de Phys. t. xlviii. 
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All kinds of fat are remarkable for the small quantity of oxygen, 
and the preponderating quantity of carbon, which enter into their 
composition. It is also remarkable that the fatty matters,—elaine 
and stearine,—which occur in the body in the free state, always 
combined one with the other, contain absolutely no nitrogen. Elaine 
and stearine are soluble in ether and hot alcohol, and the elaine re¬ 
mains dissolved in the alcohol even after it has cooled. 

Stearine. Elaine. 

Oxygen, . . 9'454 . * 9‘548 

Hydrogen, . . 11’770 . ■ 11422 

Carbon, . . 78-776 . • 79-030 

Other fatty matters—for instance, that of the blood—are combined 
with other animal substances; they crystallise in part when exposed 
to the cold, contain nitrogen, and cannot be converted into soap. 
The fatty matters of the blood and brain contain phosphorus also. 
Fatty matters of this kind occur in a combined state in the blood, 
in cerebral and nervous substance, in the liver, and perhaps in some 
other parts. , 


CHAPTER I. 

Histogeny — The formation and development of the animal tissues. 

The proportion in which the proximate principles, described in 
the last chapter, severally enter in the composition of the tissues 
will presently be stated, after the experiments and views of Schlei- 
den and Schwann have been noticed. But, before speaking of 
these as relates to the animal organism, it may be well to re¬ 
peat a few of the leading propositions ofSchleiden on the struc¬ 
ture of the newly formed tissues of plants. All these seem to take 
their origin from gufn. This substance is in some instances directly 
supplied by the operation of the formative processes upon the 
nutritive materials derived from without. More frequently, how¬ 
ever, it has passed through the intermediate condition of fecula 
(starch) or one analogous to it. Starch in the plant appears to 
supply the place of animal fat, in its being superfluous nutritive 
matter deposited for future use. Schleiden specifies the large cell or 
embryonal sac of the unimpregnated ovule (in which the albumen 
is afterwards formed,) and the end of the pollen tube, (from where 
the cells of the embryo itself are developed,) as the points in which 
the process of organisation may be observed most easily and clearly. 
At both these places the fluid is at first homogeneous and transparent; 
but minute granules, such as those found deposited in the cells of 
plants containing fecula, soon originate in it; and it then becomes 
opalescent, or even opaque through the presence of a large mass of 
granules. Single, larger, more sharply defined granules are now 
evident in this mass; and very soon afterwards they present a regular 
form, and increase considerably in size, apparently from the coagu¬ 
lation of the minute granules round the large ones. From these 
bodies the cells take their origin. When the cytoblasts, increasing 
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separately in the gummy fluid, have attained their full size, the 
formation of the cell commences.(a)* 

Modern vegetable Physiologists had already arrived at the result 
that the different tissues of plants, such as cellular tissue, woody 
fibre, ducts and spiral vessels are all originally developed from cells. 
The mode of formation of these cells has been explained by Schlei- 
den.t He has shown that they are produced from the “ nuclei” of 
Robert Brown, and hence he calls these bodies “cytoblasts” [xvt'os 
a cell, jSjwxff-ros a germen]. The cytoblast is generally of a yellowish 
colour, and internally of a granular structure. In its interior Schleiden 
has detected a second nucleus (nucleolus) called by him the nucleus 
corpuscule, which sometimes resembles a mere spot, at other times 
a hollow globule. The cytoblasts are developed in a mass of mucous 
granules contained within previously existing cells. As soon as 
they have attained their full size, a delicate transparent vesicle rises 
upon the surface of each. This is the young cell, which at first bears 
the same relation to the flat nucleus as the watch-glass bears to a 
watch. When the cell has increased in size the cytoblast appears 
merely as a solid body included in the wall of the cell. The layer 
which now covers the cytoblast on the side towards the interior of 
the cell is extremely delicate,—indeed, seldom to be recognised by 
the eye,—and it soon becomes wholly absorbed, while the cytoblast 
itself disappears at the same time. The newly developed cells lie 
free in the cavity of the parent cell, and, as they grow and exert 
reciprocal pressure against each other, assume the polyhedral form. 

The following are the more important observations of Schwannf 
respecting the cells of animals and the agreement of animals and 
plants in their ultimate structure. 

In the chorda dorsalis, the cellular structure of which I had myself 
pointed out long since, Schwann first discovered the nuclei or cyto- 
hlasts. Each cell of the chorda dorsalis of Pelobates fuscus has its 
disk-like cytoblast lying at the inner surface of the wall of the cell; 
and in this nucleus there is seen one, rarely two or three, clearly de¬ 
fined spots. In the cavity of the cells young cells are developed, as 
in plants. 

Cartilages also are, according to Schwann’s observations, com¬ 
posed entirely of cells, when first formed. The cartilaginous bran¬ 
chial rays of fishes at their apex are composed of small polyhedral 
cells, lying in close contact with each other, and having very thin 

(a) The preceding paragraph and the whole arrangement of this Book, together 
with pages 97-8 from Liebig, are introduced by the American editor, who believes 
that a view of the formation, distribution, and general properties of the tissues, 
ought to precede an inquiry into the functions of the several organs, which are in 
various proportions composed of these tissues. 

* Bril. & For. Med. Rev. Vol. IX. 

f Muller’s Archiv. 1838, p. 137. 

:|; Froriep’s Notizen, 1828, No. 91, 102, 112. Schwann, Mikroscopische Unter- 
suchungen iiber die Ueber-einstimmung in der Structur und dem Wachsthum der 
Thiere und Pflanzen, Berlin, 1838. A review of this work with a copious ab¬ 
stract of its contents is contained in the 9th volume of the British and Foreign 
Medical Review. 
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walls. These cells have rounded granular nuclei. Towards the mid¬ 
dle of the branchial ray the septa between the cavities of the differ¬ 
ent cells formed by their walls, gradually become thicker. Nearer 
to the root or base of the branchial ray the walls of the contiguous 
cells can no longer be distinguished from each other, and the mass 
appears to be formed of a homogeneous substance containing small 
cavities; but around some of the cavities a circular line can be dis¬ 
tinguished which indicates the boundary of the wall of the cell, and 
proves that the whole mass is not formed by the thickened walls of 
the cells, but that a real intercellular substance also exists. Even 
while the walls of the cells are still in contact with each other, this 
intercellular substance is present, at that time appearing here and 
there like a triangular space between three contiguous cells. In this 
form of cartilage the process of development consists partly in the 
thickening of the walls of the cells and partly in the production of 
an intercellular substance. In higher vertebrate animals the thick¬ 
ening of the walls of the cells is not observed, and the principal mass 
of the future cartilage appears to be formed by the intercellular sub¬ 
stance in which the cells with the younger cells within them are 
included. The development of cells in the manner of the cells of 
plants has been observed by Schwann in the branchial cartilages of 
Pelobates fuscus, in which some cells contain mere nuclei; others, 
nuclei with small cells developed upon them and scarcely larger 
than themselves; others, again larger, fully formed cells. So that 
here all the stages of the development of a cell are present. The 
process of the development of cartilage seems to be independent of 
blood-vessels and to be wholly analogous to the process of growth 
in vegetable tissues. How the canals radiating from the corpuscules 
of ossified bone are developed is not known. Two hypotheses are 
proposed by Schwann. If the osseous corpuscules are the cavities 
of cells, the thickened walls of which have coalesced with each other 
and with the intercellular substance so as to form the mass of the 
cartilage of the bone, then the radiating canaliculi must be regarded 
as canals extending from the cavities of the cells through their thick¬ 
ened walls, and would be analogous to the pore-like canals of some 
vegetable cells. But if the osseous corpuscules are the cells them¬ 
selves and not merely their cavities, the whole substance between 
the corpuscules being intercellular substance; in this case the canali¬ 
culi will probably be radiating prolongations of the cells extending 
into the intercellular substance. According to the latter view, which 
Schwann regards as the more probable, the canaliculi would corre¬ 
spond to the processes given off from some cells of plants. 

Besides the formation of young cells in the cavities of previously 
existing cells, Schwann has observed their development in the exte¬ 
rior of other cells in a structureless substance, the cytoblastema. In 
this case also the nucleus generally appears to be first formed and 
the cell to be afterwards developed around it. In many animal tis¬ 
sues the new cells are formed on the exterior of the earlier cells. In 
the one case the cytoblastema exists in the interior of the cells al¬ 
ready existing; in the other it is external to them. 
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Schwann arranges the tissues of the animal organism, according 
to the mode of their development, in five classes: 

I. Isolated independent cells which either float free in a fluid, or 
if deposited in contact with each other are still unconnected and 
movable. 

II. Independent cells arranged so as to form a continuous mem¬ 
brane. 

III. Tissues formed of cells, the walls of which have coalesced, 
while their cavities remain distinct. 

IV. Fibre cells,—cells which have become elongated in different 
directions and resolved into bundles of fibres. 

V. Cells, both the walls and the cavities of which have coalesced, 
so as to form tubes. 

To the first class belong the corpuscules of the blood. The vesi¬ 
cular nature of these bodies was observed by C. H. Schultz. Their 
nucelus, as Schwann remarks, remains attached to the inner surface 
of their membranous parietes when they are rendered turgid by the 
action of water. The red colouring matter of the corpuscules is to 
be regarded as the contents of the cells. The lymph corpuscules, 
the globules of mucus and those of pus belong to the same class. 
They are all nucleated cells. 

To the second class belong the horny tissues, the pigment mem¬ 
branes, and the tissue of the crystalline lens. 

1. Epithelium .—Generally composed of round cells, to the inner 
surface of whose parietes a nucleus containing one or two nucleoli 
is attached. When united into a membrane they are polyhedral. 
In the epithelium of the skin of a frog Schwann saw two nuclei in 
one cell, and also a nucleated epithelium cell within another larger 
cell, a fact which Henle has not observed in Mammalia. The epithe¬ 
lium cells, at first globular, undergo modifications of form in one or 
two directions. Either they acquire the form of perpendicular cylin¬ 
ders, as in the epithelium of the intestinal mucous membrane, 
described by Henle; or they become flattened into laminae, which 
have the nucleus in the middle of one surface and which sometimes 
are elongated or riband-shaped, as in the epithelium of blood-vessels 
according to Henle. In the latter case it is observed that the young 
cells are found beneath the older ones, and are at first globular, but 
become more and more flattened as they approach the free surface 
of the epithelium. 

2. Pigment cells .—These have a nucleus at one part of their pa¬ 
rietes, which produces the well known white spot in the middle of 
some pigment cells. The nucleus has usually one or two nucleoli. 
Many pigment cells in the process of their growth send out hollow 
fibre-like processes in diflferent directions, so as to become stellate 
cells. 

3. Nails _The nail of a fully developed human foetus consists of 

laminae lying horizontally one upon the other. These laminae be¬ 
come less and less distinct at the inferior surface of the nail, in pro¬ 
portion as the part examined is nearer to the root of the nail which 
is inserted into the fold of the skin of the finger; and the posterior 
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half of this portion of the nail presents nothing of a laminated struc¬ 
ture, but consists merely of polyhedral cells with distinct nuclei. 
Laminae of the nail treated with acetic acid separate into scales in 
which an indistinct nucleus can in very rare cases be observed. The 
polyhedral cells of the root of the nail must become flattened into 
these scales, and the nail ought consequently to become thinner 
towards its free margin. This is probably prevented by the forma¬ 
tion of laminae of epithelium at the under surface of the nail. The 
horny tissue of the hoofs of animals also consists, in the foetus, en¬ 
tirely of cells. 

4. Feathers .—The medullary substance of feathers is composed 
of polyhedral cells. In the young feather a nucleus is visible in the 
wall of each of these cells. The cells are developed around small 
nuclei which lie in great number in a finely granular matter. This 
formation of new cells takes place not in old parent cells but near 
the surface of the vascular matrix of the feather, which affords the 
cytoblastema. Some of the nuclei contain nucleoli. The fibres of 
the cortical part of the shaft of the feather are produced from large 
band-like epithelium cells which contain nuclei and nucleoli. These 
cells become resolved into several fibres, while all trace of the cell 
disappears. The barbs of the feather are themselves miniature 
feathers; the secondary shafts have the same structure as the main 
shaft, while the secondary barbs or barbules in their turn consist at 
first of nucleated cells applied to each other by their edges. 

5. The crystalline lens .—The fibres of the crystalline lens are 
developed from the cells first observed by Werneck. In the lens of 
a chick after eight days’ incubation there are as yet no fibres, but 
merely pale round cells, some of which contain a nucleus. In lenses 
further developed, some of the larger cells contain one or two smaller 
cells in their interior. In embryo pigs, measuring 3^ inches in length, 
the greater part of the fibres of the lens is already perfect; but a part 
is still not completely formed; and there are besides many round cells 
which are about to undergo their metamorphosis. The perfect fibres 
compose a nucleus in the centre of the lens. The next fibres are 
seen to be tubular prolongations of globular cells. The dentated 
borders of these cells, like those of some vegetable cells, are formed 
subsequently. 


Class III. 

1. Cartilages .—Their structure and mode of development have 
already been described. 

2. The teeth ,—The enamel of a tooth not yet fully formed retains 
the same form and structure after it has been treated with dilute acid. 
The inner surface of the enamel membrane which envelopes the 
crown of the tooth is formed of short hexagonal fibres, placed per¬ 
pendicularly, so that each fibre of the enamel membrane corresponds 
to a fibre of the enamel. These fibres of the enamel membrane ap¬ 
pear to be elongated cells. In the fresh state they contain a nucleus 
with nucleoli. Beneath these prismatic fibres of the enamel mem¬ 
brane is a layer of round cells which probably represent the primary 
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condition of those fibres. The true enamel fibres probably separate 
from the enamel membrane, coalesce with the enamel already formed, 
and at the same time become impregnated with calcareous salts. The 
substantia propria, or ivory of the tooth, is formed of fibres, between 
which the dental tubuli run. The pulp of the tooth at its surface 
consists of cylindrical cells, which contain nuclei with nucleoli. The 
interior of the pulp is composed of round nucleated cells. Schwann 
conjectures that the fibres at the surface of the pulp are in successive 
layers added to and converted into the growing dental substance, 
the pulp being as it were converted into cartilage, and then ossified. 

I If this be the case, the processes of chondrosis and ossification must 
advance by successive strata. The researches of Mr. Owen (Ann. 
des Sc. Nat. 1839, Oct. Odontography, pt. i.) and those of Mr. 
Nasmyth (Three Memoirs on the Development and Structure of the 
Teeth and Epithelium, London, 1841) confirm this view. 

Class IV. 

1. Cellular tissue .—In the development of cellular tissue there 
first appears a structureless cytoblastema, in which round nucleated 
cells are subsequently formed.(a) These cells become transformed 
into spindle-shaped bodies, which have in their interior, but attached 
to their wall, a round or oval nucleus, while this nucleus in its turn 
includes one or two dark points (nucleoli). These elongated cells 
become more and more drawn out at their extremities, and give off 
fibres, which are sometimes branched; and at length become resolved 
at each end into a fasciculus of extremely delicate fibrils. The division 
of the fibre-like prolongations of the cells into more minute fibrils 
gradually extends towards the centre of the cell, so that at a later 
period the fasciculus of fibrils proceeds immediately from the body 
of the cell. Lastly, the division into fibrils takes place even in the 
situation of the nucleus of the cell, and then the cell becomes wholly 
resolved into a fasciculus of fibres, upon which the nucleus lies. The 
fibres are probably tubular. 

The cells of adipose tissue which are found even in the cellular 
tissue of the foetus, present at first a distinct nucleus attached to their 
membranous wall. When the wall of the cell is thin, the nucleus 
forms a prominence above the surface of the fat globule contained 
in the cell. When the wall of the cell is thick, the nucleus is entirely 
included in its thickness. The nucleus contains one or two nucleoli. 
The fat cells in the cranium of a young fish (Plotze) sometimes have 
each two nuclei which bear the same relation to the membranous 
wall of the cell. In the cellular tissue of the foetus, a third kind of 
cells is met with. These are round and pale; each has a nucleus 
with one or two nucleoli attached to its wall; they do not become 
elongated into fibres, contain no fat, but are filled with granules; and 
this deposit of granules is first formed about the nucleus. 

The cellular tissue of the foetus, when submitted to boiling, yields 

I no gelatin; but in its place a substance which resembles pyine, 
except in the particular that the turbidity produced in the solution 


(a) See note to page 113. 
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by hydrochloric acid is removed by the addition of an excess of the 
acid. 

2. Tendinous tissue .—The fibres of tendinous tissue are formed 
from cells, in the same way as those of cellular tissue. 

3. Elastic tissue .—The middle coat of the arteries in embryo pigs, 
six inches in length, contains numerous isolated cells, some of which 
are globular, and some have an oblong form, while others give out 
two or more branching processes of various length. At the inner 
surface of the wall of each of these cells lies the usual nucleus with 
one or two nucleoli. In addition to the cells thus variously modified, 
fully developed elastic tissue is also present. The branching fibres of 
elastic tissue, which, according to Purkinje,are hollow tubes, appear 
to be formed from the cells just described. 

Class V. 

In the development of the tissues of this class there are first 
formed independent cells, which are either round or cylindrical, or 
have a stellate form. In the former case the primary cells arrange 
themselves in longitudinal series, their walls coalesce at the points of 
contact, and the septa thus formed between the cavities of the dif¬ 
ferent cells are subsequently absorbed, so that in place of several 
primary cells one secondary cell is produced. This secondary cell 
now continues to grow as the simple cells grow. In this way the 
fibres of muscles and nerves appear to be developed. In the case of 
the stellate primary cells the radiating processes of contiguous cells 
unite, and their walls becoming absorbed at the points of union, a 
network of communicating canals is formed. This seems to be the 
process by which capillaries are developed. 

1. Muscles .—Valentin had observed that the primitive fasciculi 
(fibres) of muscles are formed by granules arranging themselves in a 
linear manner and coalescing; but that the primitive fibres (fibrillae) 
are produced by the subsequent division of the primitive bundle. 
Schwann has remarked that the primitive fasciculi in the muscles of 
a fffital pig, measuring 3^ inches in length, present a dark border— 
and a middle, more transparent part, probably a cavity. In this 
more transparent part he perceived, besides some small granules, a 
series of larger oval flat bodies, which appeared to be the nuclei of 
cells, and frequently contained one or two smaller corpuscules,— 
their nucleoli. These nuclei lay at pretty regular distances from 
each, in the thickness of the cylinder, but external to its axis. In 
muscles more advanced in development, the primitive fasciculi pre¬ 
sent no indication of a cavity; but the nuclei remain visible for a 
long period, frequently producing slight prominences on the surface 
of the cylinders. According to recent observations of Rosenthal the 
nuclei are still present in the muscular fibre of adult animals. The 
proper substance of the muscular fibres is produced by a deposit 
taking place within the tube. The structureless sheath of the primi¬ 
tive muscular fasciculus, which I observed long since in insects, 
appears to be the remains of the tube formed by the united walls of 
the primitiv^e cells. 
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According to the late observations of Valentin,* there are first 
visible in the blastema of muscle nuclei with nucleoli, which soon 
become surrounded by extremely delicate cells. These cells assume 
an oblong figure and arrange themselves in linear forms like fila¬ 
ments of confervae. On the inner surface of the membranous walls 
of the tubes or secondary cells formed by the coalescence of the 
primary cells, longitudinal striae or fibres are deposited, while the 
septa dividing the tube into compartments are absorbed. The 
muscular fasciculus then has the form of a tube, with proportionally 
thick walls which are composed of perfectly transparent longitudinal 
fibrils. The nuclei of the primary cells are contained in the cavity 
of the tube. 

2. Nerves .—Each entire nervous fibre is to be regarded as a 
secondary cell, formed by the coalescence of a series of primary 
nucleated cells. Schwann is of opinion that the white substance of 
the nervous fibre, which forms a tube around Remak’s band-like 
axis of the fibre, or the cylindrical axis of Purkinje, is a secondary 
deposit on the inner surface of the membranous wall of the secon¬ 
dary cell. He finds that the white substance of each nervous fibre 
is invested externally by a peculiar structureless sheath like that of 
the primitive muscular fasciculi. This membranous sheath can be 
distinguished as a transparent border external to the opaque white 
substance of the fibre. Its defined outline is adverse, Schwann 
remarks, to the view of its being composed of cellular tissue. In 
perfectly formed nervous fibres Schwann sometimes perceived here 
and there at the side of the fibre a nucleus which lay included in 
the transparent border formed by the membranous sheath. In the 
grey nervous fibres no substance is formed. 

In the substance of the brain of young embryos Valentin observed 
cells on the outer surface of which a granular mass was gradually 
deposited. These cells subsequently became nuclei; and their former 
nuclei became nucleoli; while the granular matter deposited around 
them formed the mass of the ganglionic globules which were thus 
developed. Valentin has also observed, that, after the development 
of nervous fibres, nuclei, elongated fibre-cells, and fully developed 
fibres of cellular tissue are formed around them. 

Schwann’s discoveries are to be ranked amongst the most im¬ 
portant steps by which the science of physiology has ever been 
advanced. They afford the basis for a general theory of vegetation 
and organisation which it had hitherto been impossible to frame. 
Valuable observations had been made in all parts of physiology, and 
some branches of the science had been brought to a high state of 
perfection. But as regards the fundamental principles on which all 
should rest, these it must be confessed were either very unstable or 
entirely wanting, and hence the slight connection which seemed to 
subsist between different important observations in parts of the 
science which were far advanced. These fundamental principles 
are now attained. Schwann himself has pointed out with equal 


♦ Muller’s Archiv. 1840, p. 197. 
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lucidity and acuteness the general conclusions which are to be de¬ 
duced from the observations of Schleiden and himself, and has 
framed from them a theory of the organisation and vegetation of 
organised beings. It is not possible to give in this work more than 
the principal features of his theory. 

There is one common mode of development observed in the forma¬ 
tion of the most different elementary tissues of plants and animals, 
and that is the development from cells. In a pre-existing structure¬ 
less substance, which may be situated either within or on the exterior 
of cells already formed, new cells are developed in a manner regu¬ 
lated by determinate laws, and these new cells undergo various 
modifications and transformations by which they are converted into 
the elementary organic tissues. In every tissue the new cells are 
formed only in those parts to which new nutritive matter has direct 
access. On this alone depends the difference subsisting between the 
vascular and non-vascular tissues. In the former, the nutritive fluid, 
the liquor sanguinis, is distributed through every part of the tissues, 
and hence new cells are formed through its substance.(o) In the non- 
vascular tissues, on the contrary, the nutritive fluid has access to one 
surface only, as in the case of the epidermis. Hence in cartilages, 
also, when they are destitute of vessels the new cells are formed 
only at their surface, or to a slight depth, namely, as far as the 
liquor sanguinis, their cytoblastema, penetrates. The expression, 
growth by apposition, is correct, when understood to signify the 
development of new cells, and not the growth of those already 
existing; for in the epidermis new cells are formed only at the in¬ 
ferior surface of the membrane, whilst in the vascular tissues the 
new cells are developed in the whole substance of the tissue. In 
both cases, however, the cells themselves grow by intus-snsception. 
Cartilage is at first destitute of vessels, and the new cells conse¬ 
quently are formed only in the vicinity of the external surface. But 
after vessels have extended into the medullary canals, the .formation 
of new cytoblastema and new cells can proceed not only on the i 
surface of the bone but also around each of these canals. This 
explains the structure of the cartilage of bone, the lamellte of which 
are concentric, partly around the whole bone, and partly around 
the medullary canals. The process by which the primary cells are 
formed is the following. The cytoblastema, which is at first struc- 

(a) The researches of Dr. M. Barry, on the corpuscles of blood, {Philosophical 
Transactions, 1840 and 1841,) carry us a step further back in histogeny, by ren¬ 
dering it extremely probable, that these blood corpuscles, or globules as they have 
been not very accurately termed, are the nuclei or cytoblasts of the primordial cells 
from which all the tissues originate. Dr. Barry says, that he has found every 
tissue hitherto examined by him, “ to arise out of corpuscles having the same 
^pearance as the corpuscles of the blood.” This remark is intended to apply to 
Epithelium and Pigment cells, capillary vessels; the elements of, respectively, cellular 
tissue, cartilage, muscular tissue, nervous tissue, crystalline lens, the chorion, ovulum, 
spermatozooa, and the pus globule. One of the best examples, which presented 
itself to Dr. Barry, of the conversion of blood corpuscles into organised tissue, 
was in the formation of the crystalline lens. He believes, also, that the resem¬ 
blance between the primordial cells of the cellular tissue and the corpuscles of 
the blood is quite clear. 
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tureless or only finely granular, presents after a time round corpus- 
cules. These corpuscules are in their earliest recognisable condition 
the nuclei of cells, around which cells are subsequently to be de¬ 
veloped. The nucleus is granular, and may be either solid or 
hollow. The part of the nucleus first formed is the nucleolus. 
Around this there is deposited a layer of fine granules. The nucleus 
thus formed increases in size, and then the cell is developed around 
it by the deposition of a layer of substance different from that of the 
surrounding cytoblastema. This layer-has at first no defined outline; 
but when it has become consolidated into a membrane, it expands 
by the continued addition of new molecules in the interstices of the 
old ones. It thus becomes removed from the surface of the nucleus, 
which remains attached to one point of the wall of the cell. This 
formation of the cell around the nucleus is only a repetition on a 
larger scale of the process by which the nucleus was formed around 
the nucleolus. The membranous wall of the cell differs in its chemi¬ 
cal properties in different kinds of cells, and even in the same cells 
it varies in chemical composition at different periods of its growth. 
Thus the walls of vegetable cells, when first formed, are, according 
to Schleiden, soluble in water, which is not the case with the cells 
which are perfectly developed. The matter contained in the cells 
varies in a still greater degree; for example, it is in one case fat, in 
another pigment. In a cell which is at first perfectly transparent a 
granular deposit may gradually appear, its formation commencing 
around the nucleus; or, on the other hand, a granular deposit con¬ 
tained in a cell may be gradually dissolved.(«) 

(a) The different ways in which the metamorphosis of granular nuclei takes 
place, are well expressed by Valentin.— Wagner’s Physiology, p. 214—21. 

I. The nuclei with their nucleoli, which at an earlier stage are free, surround 
themselves with a clear cell, which, however, soon dissolves, so that the nuclei 
swim about as characteristic corpuscles in the fluid, and as such advance in 
their individual development. In the normal orgasm, this is what happens in 
regard to the blood, and probably also to the lymph. The blood-globules are not 
cells, but nuclei. These nuclei are in fact nucleoli. 

II. The nuclei surround themselves with cells which are permanent, but various 
metamorphoses of both the nuclei and cells ensue, according to the Individual 
character of the tissues and the parts which they go to compose. 

III. The cells exhibit metamorphoses, which in point of form are in all respects 
analogous to those observed during the formation of the wood, and indeed of the 
pores in plants. 

IV. The cellular element is extremely distinct in the earliest periods of its 
formation, but a secondary product obscures it, or even causes it to disappear 
entirely, as in the development of adipose tissue or globules of fat in a transparent 
cell. 

V. The nuclei surround themselves with extremely delicate cells, and about 
these a peculiar substance is deposited, which in its capacity of rapid growth, 
soon forms the larger portion of the tissue, and in which, as in all other intercel¬ 
lular masses, new nuclei and cells may be produced. Examples of this are fur¬ 
nished in the imposed globules of the central and peripheral portions of the nervous 
system. The process of development here is best observed in the grey substance 
of the superficies of the hemispheres. 

VI. The cells exhibit a very high degree of productive or procreative power. 
New nuclei are perpetual!}' arising within them, and these surrounding themselves 
with cells, w'e have Anally cell within cell, like a nest of pill boxes; abundance of 
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1. Tissues with an albuminous base, {a )—To which belong the 
brain and nerves, the muscles, glands, and mucous membranes. 

These tissues yield no gelatin by boiling, which moreover pro¬ 
duces little change in them; the cellular tissue which enters into 
their composition can alone be converted into gelatin. The different 
modifications of albuminous bodies are not, at present, well under¬ 
stood. We are acquainted with albumen only in the more restricted 
sense, and with fibrin; and the properties of these substances have 
been described in the chapter on the chemical analysis of the blood. 
The ferrocyanide of potassium throws down a precipitate from the 
acetic acid solution of albuminous bodies, by which character these 
are distinguished from the following. 

2. Tissues which yield gelatin by boiling.—To these belong,— 
1, the cellular tissue; 2, serous membranes; 3, tendinous tissue; 4, 
skin; 5, one kind of contractile tissue; 6, cartilage; 7, bone; and, 8, 
elastic tissue including arterial tissue. The animal matter which 
forms their basis either dissolves wholly into gelatin, or they con¬ 
tinue to yield this substance for some time when submitted to long 
boiling. Some tissues, such as cellular and serous membranes, and 
bone, even after a few hours’ boiling, yield a large quantity of gela¬ 
tin; others, as cartilage and skin, yield but little of this substance 
even after fifteen or eighteen hours’ boiling; while several days are 
required to extract it in small quantity from other textures, such as 
elastic tissues. The ferrocyanide of potassium produces no precipi¬ 
tate in the acid solution of these textures which yield gelatin. 

The cellular tissue, the contractile tissue of the tunica dartos, the 
tissue of the serous membranes, the tendinous or fibrous tissue, and 
the tissue which forms the basis of the skin, yield the common gelatin 

intercellular substance is at the same time deposited betwixt the parietes of the 
cells, and these two elements blended together compose the elementary mass, the 
cells with their products the nuclei and nucleoli, the proper and peculiar cor¬ 
puscles. Cartilage is formed in this way; and cartilage-corpuscles pass immedi¬ 
ately into bone-corpuscles,• clear first, they become more opaque by degrees. 

VII. The cells are tesselated or spread out into a membrane, in the manner of a 
piece of pavement; then granular nuclei lie in the middle. The parietes of the 
cells blend into a transparent simple membrane, whilst the nuclei are more and 
more absorbed, becoming constantly paler, until at length they are no longer 
recognisable. To this arrangement may be referred the hyaloid membrane and the 
inner membrane of the blood-vessels. 

VIII. The cells and the nuclei arrange themselves in longitudinal lines; the cell- 
walls coalesce in lines, and at the cost of nuclei, form themselves into fibres. It is 
thus that the cellular membrane, the elastic tissue, muscular tissue, fibres of the crys¬ 
talline lens, and primary nervous fibre are formed. 

The universal primitive form of every tissue is therefore the cell, which itself 
is preceded by the nucleus as mediate, and the nucleolus as immediate products of 
the formative power. Cells and nuclei seem to stand in mutual and relative oppo¬ 
sition, so that generally, perhaps invariably, the one is evolved at the expense of 
the other. After these transitive stadia are accomplished, the tissue attains indi¬ 
viduality according to general character and the place it occupies in the system. 

(o) Regarding, as we may now do, albumen and fibrin as modifications of the 
same principle, the term albuminous will serve to include the tissue hitherto spoken 
of as fibrinous, viz. the muscular. 
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or glue, colla, which is precipitated by tannin, chlorine, corrosive 
sublimate, and alcohol; but not by alum, acetic acid, acetate of lead, 
and sulphate of alumen. The precipitate thrown down by alcohol 
is again soluble in hot water. 

The peculiar substance which I have described as the base of the 
permanent cartilages, agrees in many points with the ordinary 
gelatin, but differs from it in the following particulars. It is precipi¬ 
tated by alum, sulphate of alumen, acetic acid, and acetate of lead. 
The precipitate produced by alum is redissolved on the addition of 
an excess of the reagent; that thrown down by acetic acid is not re¬ 
dissolved by the addition of more acid. Casein is likewise precipi¬ 
tated by the same reagents as the gelatin of cartilage or chondrin; 
but casein does not form a gelatinous mass when its solution cools, 
and when thrown down by alum, it cannot be redissolved by an 
excess of that substance, while the precipitate which acetic acid pro¬ 
duces is redissolved on the addition of more acid. 

The cartilages are divisible into four classes: 

a. Cartilages containing peculiar corpuscules. —The greater 
number of the permanent cartilages, and also the cartilage of bone 
before ossification, are composed of a semi-transparent, indistinctly 
fibrous tissue, containing in its substance numerous microscopic cor¬ 
puscules generally of a flattened form, in the interior of which again 
there is often a nucleus or several granules. All the cartilages of 
this kind, namely, the costal cartilages, the majority of the cartilages 
of the larynx, those of the trachea, of the nose, and of the Eustachian 
tube, the articular cartilages, and the cartilage of bone before ossifi¬ 
cation, yield by boiling, according to my observation, the substance 
which I have named Chondrin^ in place of the ordinary gelatin. 

b. Chondrinous Jibro-cartilage .—The cornea consists of three 
layers besides the delicate layer of epithelium which invests its free 
surface. The most superficial layer is rendered by hot water imme¬ 
diately of a snowy-white colour; the most internal lamina is the 
aqueous membrane, which is attached to the lamina fusca of the 
sclerotica; the middle layer, which constitutes the chief substance of 
the cornea, is formed of an interlacement of bundles of bright fibres 
without any intermixture of corpuscules. This is, according to my 
observation, reduced wholly to chondrin by boiling. 

c. Spongy cartilages; their structure was discovered by Miescher. 
The cartilages of this kind are the yellowish cartilages of the exter¬ 
nal ear, the epiglottis, and the cartilagines Santorinii et Wrisbergii 
of the larynx. They are yellow, and contain none of the corpuscules 
of Purkinje, but are throughout of a spongy texture, having large 
cells. After being submitted to boiling during several days, they 
yield an extract in extremely small quantity, which does not form 
a jelly, but the chemical properties of which agree with those of 
chondrin; while the preceding cartilages dissolve within the space 
of fifteen or twenty hours into a chondrin which gelatinises on 
cooling. 

d. Ligamentous cartilages .—These are interarticular cartilages, 
the intervertebral cartilages, the cartilages of symphyses. The sub- 
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Stance which they yield by boiling is not chondrin, but gelatin en¬ 
tirely similar to that of tendons. They are constituted wholly of 
fibres, and contain none of the corpuscules of the first kind of carti¬ 
lages. The tarsal cartilages of the eyelids, which are likewise 
fibrous, have not at present been examined with reference to their 
chemical composition. 

The animal matter or cartilage of hone is composed of gelatin. It 
is remarkable that the cartilage of bone before ossification yields only 
chondrin when boiled, but after ossification it affords the ordinary 
gelatin; at least such is the result of my observations. And even when 
the permanent cartilages, those of the larynx, for example, undergo 
ossification as the result of abnormal action, the ossified portion con¬ 
tains ordinary gelatin in place of chondrin. Bones which are affected 
with mollities ossium contain, by no means, a larger quantity of 
gelatin, but an extraordinary quantity of fatty matter. 

Elastic tissue is yellow, and preserves its property of elasticity 
for any length of time in alcohol, and it is not deprived of it even by 
several days’ boiling. It yields very little gelatin, and that not until 
after several days’ boiling. The gelatin has peculiar characters; it 
cannot, therefore, be derived from the cellular membrane which is 
inclosed in the elastic tissue. It bears a great resemblance to “chon¬ 
drin,” but yet is not identical with it. The solution of the gelatin of 
elastic tissue is rendered very turbid by acetate of lead and acetic 
acid, and is precipitated by common alum and by sulphate of aluraen; 
but the sulphate of the peroxide of iron renders it opaline merely, 
without throwing down any precipitate. 


CHAPTER II. 

REGENERATION OF TISSUES. 

Regeneration of the different tissues is observed under two forms; 
in one unaccompanied by inflammatory action, in the other com¬ 
bined with inflammation. 

Inflammation, however, must in no case be regarded as the sole 
cause of regeneration. In man and the Mammalia the two pro¬ 
cesses often go on simultaneously, and regeneration is frequently 
excited by inflammation. But still they are essentially difl'erenc 
actions; the one is the manifestation of the vis 7nedicatrix na- 
turse; the other an abnormal result of some lesion, and, accord¬ 
ing to circumstances, it may have an injurious as well as a 
beneficial tendency. That the regenerative process is independent 
of inflammation is very evident in reptiles; for in snakes large 
wounds with loss of substance are healed without any suppurative 
action; the surface of the wound becomes covered with a crust, 
under which new substance is formed. This I have myself ob¬ 
served, and the same thing is said to occur frequently in birds. In 
salamanders and in the lower animals, whole limbs, as we have 
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seen, are reproduced without any attending suppuration, and no one 
can suppose that inflammation is in these cases essential to the re¬ 
production. In the human subject and in Mammalia, however, 
inflammatory action and the regenerative process run on together, 
at least, in open wounds, and the inflammation continues until the 
part is healed. It is this circumstance which has induced the false 
conclusion that inflammation consists in the exaltation of a vital 
process. Even in the higher animals, however, there are some 
instances of regeneration taking place without its being attended 
with a trace of inflammatory action, such are the reproduction of 
the antlers of stags, of hairs, nails, &c. 

1. Regeneration unaccompanied hy inflammation. 

a. Organised tissues which^ having lost their organisation, are 
reproduced .—Of these we have examples in the shell of the Crus¬ 
tacea, the antlers of the deer, and the organised bulbs of feathers 
and spines. 

The shell of the crab is renewed every year when the develop¬ 
ment of the internal organs renders the size of the old shell inade¬ 
quate. The shell becomes cleft, and is thrown off in August, 
disclosing a new one already formed beneath it; which, however, is 
at first soft and endued with sensibility, and even contains vessels, 
although it soon becomes hardened by the deposition in it of car¬ 
bonate of lime.* At the time of the change of the shell, chalky 
concretions —lapides cancrorum —are formed on each side of the 
stomach, and disappear as soon as the new shell is hardened. The 
stomach of the crab is said to renew its epithelium. 

The antlers of the deer, and of similar animals, have more 
analogy with the organised matrix of the horns of ruminating ani¬ 
mals than with the horns themselves. The base of the antler rests 
on the tubercle of the frontal bone, a bony jagged enlargement 
marking their point of junction. The males throw off the antler, 
not at the rutting season, (autumn,) but in the spring, and new 
antlers are then developed. The separation of the old antler is 
effected by a kind of softening of the organised bony substance of 
the tubercle of the frontal bone, at the point of its junction with the 
antler; and the rough surface of the tubercle that is left is soon 
covered again by skin. The new antler now begins to rise from the 
frontal process, covered by skin and periosteum; it is at first soft 
and cartilaginous, and traversed by innumerable vessels. While the 
cartilaginous mass becomes ossified,—presenting a repetition of the 
process which takes place in the foetus and young animal,—the peri¬ 
osteum and cutaneous covering of the antler lose their vitality and 
drop olf; after castration young stags acquire no antlers, and those 
of old stags are not changed.t 

In the same way the organised bulbs of the hair and spines in 
Mammalia, and of feathers in birds, have their alternate periods of 

* Cuvier, Anat. Comparee. 

f Cuvier, Anat. Comparee. Berthold, Beitrage zur Anat. Zool. und Physiol. 
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wasting and turgescence; and hence the casting of the coat of Mam¬ 
malia, and the moulting of birds, during which the hairs and feathers 
fall off and new ones are produced. The reproduction of hairs and 
feathers, however, so far differs from that of antlers, that in the hair 
it is merely the matrix, which corresponds to the organised antlers, 
while the shrunken and dry remains of the pulp in the quill may be 
complired to the hardened antlers which have lost their vitality. 
The horny substance of the hairs and feathers is secreted by the 
matrix, and the only part of the antler analogous to it is the cuticle. 
The reproduction of these parts must, therefore, be considered apart 
from that of the antlers. 

h. Unorganised textures whieh are reproduced by the regeneration 

of their matrix; such are the horny structures, the teeth, and 

the crystalline lens, 

1. The horny structures. —The nails, it is well known, are repro¬ 
duced if their matrix is not destroyed; but the commencing forma¬ 
tion of a nail has been observed, even on the middle phalanx of an 
amputated finger.^ 

The shedding of the coats of mammiferous animals has been 
investigated by Heusinger.t He plucked out a whisker hair of a 
dog, arid found, five days afterwards, that a new hair, more than 
two millimeters in length, had been formed. During the casting of 
the coat the bulbs of the old hair became pale, and by the side of 
each a small black globular body is formed, which is developed into 
the new hair. This is a very interesting fact: the matrix of the new 
hair is not the old pulp, but seems to be a new sprout from the pro¬ 
ductive base of the follicle. The spines (of the hedgehog, &c.) are 
said to be reproduced in the same mode. During moulting, the 
cuticle on the bill of birds and other parts is cast off in the form of 
plates or of branny particles. The bulb of the new feather is 
already formed before the old feather falls out.J 

Several writers§ assert, as the result of experiment, that hairs 
plucked from their follicles, and inserted into punctures of the skin, 
will take root and grow. This statement appears to me, however, 
to require further confirmation. The interior of the bulb of the hair 
being organised, a union of it with other parts of the skin besides 
the fundus of the hair follicle, may certainly be supposed to be pos¬ 
sible; but how easily may the experimenter be deceived in this 
observation! 

2. The teeth. —The crown of the tooth being unorganised, and 
consequently incapable of growth, so as to correspond with the 

0 

* Bliimenbach, Instit. Physiol, p. 511. Dr. Elliotson’s Physiology, p. 249. 

t Meckel's Archiv. 538. 

ij: See A. Meckel, Reil’s Archiv. 12. Eble, loc. cit. Burdach, Physiol. Bd. 
iii. 524. 

§ Dzondi, Beitrage znr Vervolkom der Heilkunde. Halle, 1816. Dieffenbach, 
De regenerat. et transplant. Herbip. 1822. Wieseinann, De coalitu partium a 
reliquo corpore prorsus disjunct. Lips. 1824. 
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increased size of the jaw-bones, the formation of new teeth becomes 
necessary. The permanent teeth begin to appear about the sixth or 
seventh year, but their crowns are formed at a very early period. 
Of the twenty temporary or milk-teeth, eight only are molares; the 
permanent teeth are thirty-two in number, and of these twenty are 
molares, or twelve true molares, and eight bicuspides. 

The dental substance of the first great molaris of the second set 
begins to be deposited towards the end of pregnancy. The sockets 
of the new teeth are gradually separated from those of the old, but 
the two cavities always communicate by a considerable opening 
through which the common portion of the external layers of the sacs 
passes. The change of the teeth commences about the sixth or 
seventh year. The first great molaris is the first of the second set 
which appears, then follow the incisors and canine teeth, the penulti¬ 
mate molaris not till the thirteenth or fourteenth year, and the last 
molar between the sixteenth and twentieth year. The roots of the 
milk-teeth are absorbed before they fall out. 

It has been frequently asserted that if the teeth of an animal, after 
being drawn, are re-inserted into their sockets, they will again take 
firm root. This appears to me very questionable. If a real organic 
union takes place in these experiments, it must be by the lacerated 
vessels of the pulp of the tooth uniting again with the vessels at the 
bottom of the socket. It is an interesting point which ought to be 
more accurately determined. A sure way of deciding the question 
■would be, to feed animals, in which the teeth had been recently trans¬ 
planted, with madder. If any vascular connection had been formed, 
the innermost layer of the tooth towards the pulp would be coloured 
red. The teeth not being organised, fissures in them, of course, can¬ 
not be closed by the reproduction of new dental substance; they can, 
at most, be filled with crustapetrosa^ or tartar from the salts of the 
saliva. In serpents new poison-fangs are being constantly repro¬ 
duced. The new teeth of the crocodile press forwards into the 
conical cavities of the old teeth, the posterior wall of which becomes 
absorbed. 

3. The crystalline lens .—It would appear that, in certain cases 
■udiere the lens has been removed, it is reproduced by the capsule— 
its matrix. Leroy d’Etiole has observed this.* In the first case, 
thirteen days had elapsed since the extraction of the lens when the 
eye was examined; in the second case, thirty-three days; in the third, 
thirty-nine days; in the fourth, thirty-one days; in the fifth, forty-six 
days; and in the sixth, one hundred and sixty-five days. The ex¬ 
periments were made on rabbits, cats, and dogs. The contents of 
the capsule were either a crumbly mass, as in the second case; or a 
small lenticular body, as in most of the other cases; but in the sixth 
case a full-sized lens was found.! 

* Magendie’s .Tourn. de Physiol. 1827, 30. 

I See Mayer, Graefe in Wallher’s Journ. xvii. 1. Vrolik, ibid, xviii. 4. W. 
Soemmering, Boebachtiingen iiber die organ. Veranderungen im Auge, nach 
Slaaroperationen. Frankfurt, 1828. 
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2. Regeneration accompanied by inflammation. 

Almost all cases of the regeneration of parts of the human body 
which retain their organisation, are of this kind, if we except the 
bulbs of the hair and teeth, which are reproduced, and even occur 
as morbid products in the ovaries and other parts. In the latter case 
the hairs and teeth are formed in the same way as in their natural 
situation: the teeth have their covering of enamel, and are formed in. 
follicles.* 

a. Regeneration which is accompanied by inflammation attended 
with exudation of lymph. 

If the part, the subject of inflammation, has a free surface, whether 
there be a wound or not, an exudation of a coagulable fluid,—the 
liquor sanguinis,—takes place. If it has no free surface, the coagula¬ 
ble matter accumulates in the capillaries and in the texture of the 
part, and produces thickening and hardening. The matter effused 
in wounds, and on free surfaces of inflamed parts, is at first fluid; its 
first appearance on the surface of inflamed membranes being in the 
form of drops: it is then transparent, but it gradually becomes milky 
and consistent. It consists of the fibrin which was in a state of 
solution in the blood. While the exuded matter is still in the fluid 
state, an impulse towards organisation seems to arise in it, by virtue 
of a vital property of the fibrin; and by the affinity and reciprocal 
action of the effused matter with the inflamed surface, organisation 
ensues. New vessels are formed in the exuded matter. The different 
modes in which their formation has been described or supposed to 
take place, and the recent observations of Schwann, have been 
detailed. One of the earliest steps in the organisation of false mem¬ 
branes is the formation of cells which become elongated and trans¬ 
formed into fibres of cellular tissue. 

The organisation of the pseudo-membranes produced by exudation 
is not universal; those effused on mucous membranes,—for example, 
in croup,—generally do not, those on serous membranes usually do 
become organised. The organisation of effused lymph in very 
many cases cannot be doubted by any one who has seen the beau¬ 
tifully injected preparations in Schroeder van der Kolk’s museum at 
Utrecht, in which the arteries and veins of false membranes, on dif¬ 
ferent parts of the liver and intestines, and of those between the 
pleura costalis and pulmonalis, are seen injected with different- 
coloured matters. Lymphatics, too, are formed in the new mem¬ 
branes, as is proved by several of Schroeder’s preparations; in which, 
by the sides of arteries and veins, I saw lymphatics filled with mer¬ 
cury. 

The formation of new vessels between the portions of an arterial 
trunk above and below a ligature, or at the point where it has been 
divided, is remarkable. It has been observed, and very similarly 
described by Maunois, Parry, and Mayer. The fact cannot be 
doubted, particularly since Ebel’s repeated experiments and excel- 

♦ Meckel’s Archiv. i. 519. 
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lent drawings were published.* The new communication is effected 
by means of several vessels passing, sometimes in a serpentine course, 
between the two portions of the divided vessel—for instance, of the 
common carotid. In explaining this phenomenon, the fact has been 
overlooked, that in other animals than man the common carotid 
gives off several very small twigs to the muscles of the neck; so that 
the vessels supposed to be newly formed are probably merely en¬ 
larged capillaries. 

All organised parts will reunite, when divided, if the surfaces are 
brought in contact while they are in the state of adhesive inflamma¬ 
tion; the divided ends of nerves will unite with nerves, or even with 
muscle, periosteum, or aponeuroses: and parts even, which have 
been quite separated from the body, will unite when accurately ap¬ 
plied to the surface of fresh wounds, whether of parts of similar or 
of different structure; but the inflammation in those parts must not 
exceed the stage of the effusion of lymph. This reunion of organised 
parts which have been completely separated from the body is certainly 
extremely rare, but its occurrence cannot be doubted. Buenger’s 
remarkable case of the formation of a new nose from a piece of skin 
taken from the thigh is an instance of it. All the cases, however, sup¬ 
posed to be instances of this phenomenon, are not equally satisfactory. 
We can scarcely believe that in Hunter’s experiment of the trans¬ 
planting of a tooth of a dog into the comb of a cock, a real vascular 
union took place. In another experiment Hunter transplanted a 
gland taken from the abdomen of a cock to a similar situation of a 
hen; he also transplanted the spur of a cock; in both cases the re¬ 
moved part is said to have united in its new situation. Abernethyt 
has described these and other cases; Baronio has made similar 
experiments.f Merrem, and my illustrious teacher V. Walther, 
assert that the portion of the bone removed by the trephine will 
reunite. 

The reunion of portions of skin only partly separated from the 
body with other parts, is known to be effected very readily,—for 
instance, in the case of the formation of a new nose from the skin of 
the forehead, and in other similar surgical operations. When the 
skin has united in its new situation, the narrow portion by which it 
was left connected with the body may be divided. The union of 
two parts in which inflammation has been excited, is a very general 
phenomenon in organised bodies, and is taken advantage of in sur¬ 
gery for the removal of solutions of continuity, and as a means of 
putting a stop to certain secretions. By this process the foetus may 
become united with the membranes of the ovum, or two foetuses 
may become united together. A very remarkable law prevails in 
the union of embryos. Almost without exception, it is the corre¬ 
sponding parts of the two embryos that become not simply attached 
to each other, but as it were fused together; the symmetrical parts 
of the one embryo, indeed, separate from each other at the point of 

* Ebel, De Natura medicatrice, sicubi Arterise vulneratae et Iigat^e fuerint. 
Giessin, 1826. 

f Physiological Lectures, 253. if. Froriep’s Not. iv. 225. 
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union, and unite with the corresponding parts of the other embryo; 
thus are formed the Janus monsters. Without the supposition that 
some kind of affinity or attraction is exerted between corresponding 
parts, unions of this kind are inexplicable. The union must in these 
cases, however, take place at a very early period: for when embryos 
become united at a later stage of development, the parts of the two 
have merely a superficial connection. Rathke* * * § has observed a case 
in which the umbilical cord of one embryo was united with the head 
of the other. 

Regeneration of the different tissues .—The divided surfaces of a 
tissue generally unite when brought in contact in the state of ad¬ 
hesive inflammation; but the newly formed substance which unites 
them, and which is in all cases at first fibrin, does not, in the case of 
the tissues destined for sensation and motion, present in a perfect 
degree their peculiar properties. In most other tissues the regenera¬ 
tion is complete,—the new substance has the organic properties of 
the original tissue, particularly if it is one of those tissues which are 
less important from their vital properties than from the physical ones 
with which they are endued, which is the case with the bones. But 
tissues of this kind are not all reproduced with equal facility. The 
tendons, ligaments, and cartilages generally are regenerated with ex¬ 
treme slowness; bones, on the contrary, very readily. 

Brodie says, that, when ulcerations of the cartilages are healed, 
it is not by reproduction of the natural structure. Bedard states, 
that, in the case of a broken costal cartilage, the two surfaces become 
united by a plate of cellular substance, and external to this a bony 
ring surrounds the two ends of the cartilage. Dorner cut a small 
quadrangular piece from the thyroid cartilage of a cat, and at the 
end of twenty-eight days the opening was closed merely by strong 
membrane. Dorner found, likewise, that, when cartilages are di¬ 
vided by a single incision, direct union of the substance does not 
take place; the union of the divided perichondrium forms afterwards 
the only medium of connection.! The substance which reunites 
divided tendons has not, it seems, the fibrous, shining aspect of ten¬ 
dons, but is more cartilaginous. According to Arnemann, the dura 
mater is never regenerated. (?)! 

The process of reproduction is most remarkable in bone. The 
more spongy bones, such as the bones of the cranium and pelvis, 
and the epiphyses of the long bones, are not so easily regenerated as 
those that are denser, such as the cylindrical bones. In several 
bones,-—in the patella, for example,—fractures are often reunited 
only by a fibrous, flexible, ligamentous substance.§ The portion of 
the cranium removed by the trephine is seldom found to be com- 

* Meckel’s Archiv. 1830, 4. 

f The difTerent facts relative to the reproduction of cartilage will be found in 
Weber’s edition of Hildebrandt, i. 306. 

! Experiments to ascertain the degree of reproductive power possessed by 
fibrous membranes have been instituted by Arnemann, Murray, Moore, and Kohler, 
and are cited by Weber. 

§ Otto, Pathol. Anat. p. 225. 
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pletely replaced by bony matter, even after a great lapse of time; 
although this sometimes takes place, as in the case witnessed by 
Scarpa. The reunion of fractured bones is effected by the effusion 
of plastic lymph,—a result of the inflammatory process,—and the 
conversion of this lymph into bony matter. The new bony sub¬ 
stance which unites the ends of the broken bone, is at first irregular 
in form, but is afterwards gradually reduced nearly to the form of 
the old bone. The fibrinous matter is effused from all the parts 
which were injured at the time of the fracture, from the bone and 
the periosteum, as well as from the surrounding cellular tissue and 
other parts which have become inflamed. The matter first effused 
is here, as in all inflamed parts, the fibrin which was previously dis¬ 
solved in the blood; it acquires soon the consistence of jelly, which 
becomes organised, while, the inflammation going on, the periosteum 
becomes thickened. The first exudation here described must be 
distinguished from the true callus; the matter first effused is the uni¬ 
form product of inflammation in all parts; the callus is the basis of 
the new osseous substance, and is first formed at the surface of the 
ends of the broken bone. 

The whole process of the formation of callus has been recently 
much elucidated by the researches of Miescher,* who describes it as 
follows:—The inflammation which ensues immediately after the 
fracture of a bone, affects principally the surrounding soft parts, 
namely, the periosteum, cellular tissue, and muscles, which all be¬ 
come enlarged and agglutinated together, so as to form a firm cap¬ 
sule around the fracture. On the inner surface of this capsule there 
is formed, as a result of the inflammation, a semi-fluid substance, 
which gradually acquires more consistence, and becomes traversed 
by vessels. A similar substance is effused by the medullary tissue 
of the broken bone; and this, together with the substance poured 
out by the capsule, at length coalesce, and form the mass enclosed 
in the capsule and investing the ends of the bone, to which the 
name of substantia intermedia has been given. This substance 
acquires a fibrous texture, and fills all the space between the bones; 
while the muscles, cellular tissue, and periosteum return to their 
former normal condition. The inflammation does not affect the 
bone so soon as it does the soft parts; it commences in it at some 
little distance from the fractured extremities, namely, at the part 
where the bone is still invested by periosteum, and at the same 
point in the interior. The bone likewise now pours out a gelatinous 
exudation, in which vessels become developed, and which continues 
to grow; while, on the side by which it is connected with the bone, 
it becomes converted into cartilage and bone. This new mass, the 
proper callus, also occupies to a greater or less extent the medullary 
cavity. On the exterior its formation is continued towards the 
fractured extremities, till the exudations of the two portions of bone 
meet and unite. Thus is formed the primitive callus. 

In the mean time, the surface of the bone unites with the capsule 

* De inflam. Ossium eoruraque Anatom. Generali. Berol. 1836. 
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formed by the soft parts and the primitive callus, and the margins of 
the fracture unite with the “substantia intermedia.” Callus, too, is 
formed, and developes itself at the expense of the now ligamentous 
“substantia intermedia.” Periosteum is formed anew on the external 
uneven surface of the callus. 

The first appearance of the primitive callus is at that part of the 
bone where the periosteum is still in connection with the bone; it is 
eflTused as a half-fluid matter between the bone and periosteum; 
vessels appear in it as early as the fourth day. The callus, there¬ 
fore, according to Miescher’s investigations, always arises from the 
bone itself. When, in sections of united fractures, nuclei of bone 
were seen in the callus apparently unconnected with that part of the 
bone at which the production of callus commences, it was always 
found, on closer examination, that these nuclei were really connected 
with that part of the bone. 

The further changes which the callus undergoes after the ends of 
the bone have united, consist in the restoration of the medullary 
cavity in its substance, and in the change of its form. The tex¬ 
ture of the callus undergoes the same changes as the cartilage of 
bone in ossification. While it is cartilaginous, it contains the pecu¬ 
liar corpuscles of cartilage; when it ossifies, it assumes the cellular 
texture of bone.* 

The number of treatises on this subject is very great.! The princi¬ 
pal point of controversy has been the share which the periosteum is 
supposed to have in the formation of the callus. Duhamel, Schwenke, 
Bordenave, Blumenbach, Kohler, Dupuytren and Boyer believed 
that it had an essential share in the process. Detlef had already 
pointed out, that the periosteum cannot contribute to the formation 
of the callus, since it is not formed till after it. Haller, Soemmering, 
Scarpa, Richerand, and Cruveilhier supposed the callus to originate 
in an exudation from the ends of the bones themselves. We have 
already spoken of Duhamel’s opinion, that the periosteum is the 
essential organ for the formation of the bones,—an opinion so con¬ 
trary to the principles of physiology,—since the periosteum alone can 
as little form the callus as it can form the bone. The periosteum 
merely contributes to the production of the first exudation, in com¬ 
mon with the bone and all the surrounding tissues, which become 


* For a comparative analysis of healthy bone, callus, the substance of exostoses 
and carious bone, with reference to the proportional quantity of earthy nnatters in 
them, see Valentin, Reporter. 1838, p. 294. 

! A full account of the views that have been held relative to the production of 
callus, will be found in the Diet, des Sc. Med.; and in A. L. Richter’s Handbuch 
der Lehre von d. Briichen und Verrenkungen der Knochen, Berlin, 1828, pp. 89 
—^117. The principal writers on the subject have been Haller, Element. Physiol, 
viii. 345. Detlef, in Haller’s Op. Min. ii. 463. Troja, de Nov. Oss. Regenera- 
tione Exp. Paris, 1775. Koehler, Exp. circa Regen. Ossium. Gott. 1786. Van 
Heekeren, De Osteogenesi prseternat. Lugd. Bat. Macdonald, De Necrosi et 
Gallo. Edinb. 1799. Dupuytren, Diet, des Sc. Med. 38, 434. Howship, Medico- 
Chirurg. Transact, vol. vii. and viii. Kortum, Exp. circa Regenerat. Ossium. 
Lips. 1823. M. J. Weber, Nov. Act. ac. Nat. Cur. 12. 2. Breschet, Recherches 
exper. sur la formation du Cal. Paris, 1819. 
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inflamed in consequence of the injury received at the time of the 
fracture. 

The only way in which the periosteum aids in the formation of 
the true callus, is by furnishing to the bone beneath it the vessels 
which are necessary to the formative and nutritive processes, of 
which it is the seat. But the formation of special tissues requires, 
as we have already remarked, some other conditions besides the pre¬ 
sence of vessels supplying new nutritive matter.* * * § 

The circumstance of ossification commencing in the callus close to 
the surface of the bone, and its extension from this point, show that 
the presence of bone is here necessary for the production of new 
osseous substance.t 

The serous membranes are of all textures the most prone to the 
effusions of the liquor sanguinis of the blood: the reason of this is, 
perhaps, that they possess the least proper assimilating tissue. 
Adhesions are, therefore, most frequent in serous sacs. Whether 
new synovial membranes are formed in the new articular cavities 
developed around the heads of bone which have remained long dis¬ 
located, is at present uncertain, although Meckel, perhaps too posi¬ 
tively, asserts such to be the case. The synovia of a new joint may 
be derived merely from the remains of the old synovial membrane 
still adhering to the bone. 

The cicatrix of a wound of the skin which is healed in that stage 
of inflammation which is accompanied by the effusion of lymph, is 
more dense than the skin itself; it is sensible, is at first redder than 
the surrounding skin, at a later period paler; the epidermis covering 
it is more delicate. Large scars generally result from the healing of 
those wounds in which a portion of the skin has been lost by the 
suppurative process. In this case the cicatrix has no hairs; is in 
negroes, for the most part, colourless at first, but frequently assumes 
after a time the natural black colour of the surrounding skin. 

Solutions of continuity in mucous membranes have little tendency 
to unite; hence in part the difficulties attending the operation for cleft 
palate and that for wounds of the intestines. In cases of division of 
the excretory duct of glands, where the divided ends have been kept 
in contact, regeneration of the duct sometimes takes place and the 
passage is restored. This fact was first observed by Miillerj: in three 
cases of division of the duct of Wharton, and in one of division of 
the pancreatic duct, in two cases also of division of the vas deferens 
in the dog and cat. Brodie, Tiedemann, Gmelin, Levret, and Las- 
saigne have, after tying the ductus choledochus, found the passage 
restored in some cases. In Tiedemann’s experiments§ the jaundice 

* Mr. B. Cooper’s experiments (Guy’s Hospital Reports, vols. ii. and iii.) 
afforded results which accord with Miescher’s view of the mode of production of 
callus. The substance formed by the periosteum and soft parts became fibrous, 
and was ultimately absorbed; while that formed by the bone more nearly resem¬ 
bled true cartilage, and underwent ossification. 

f The question whether the periosteum is able to form new bone will come 
under consideration at a future page. 

if. De Vulner. duct, execret. Tub. 1819. 

§ Die Verdauung nach Versuchung. ii. 
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disappeared, in some instances, at the end of ten or fifteen days. The 
ligature had either cut througli the duct and fallen away before the 
divided edges had united, or coagulable lymph had been effused 
around the ligature, completing the canal externally, while the liga¬ 
ture, perhaps, had separated and fallen into the cavity of the duct, 
and had passed out through it. After the lapse of from thirteen to 
sixteen days the canal was found completely restored. 

Solutions of continuity in glands cicatrise, it is true; but the new 
substance has not the properties of the glandular tissue. The same 
is the case in the cicatrisation of muscles. P, F. Meckel, Richerand, 
Parry, Huhn, Murray, and Autenrieth, all describe the substance by 
which divided muscles unite as similar to condensed cellular mem¬ 
brane, and as evincing no contractility on the application of galvan¬ 
ism.* * * § Wounds of the pregnant uterus cicatrise very quickly; by the 
contraction of the organ the wound is soon rendered extremely 
small. It appears that the external serous covering of the uterus 
has the principal share in the cicatrisation.t A new formation of 
true muscular substance, as described by Wolff,f is certainly not 
credible. I have seen in the museum at Heidelberg, the fibrous 
layers on the pleura and pericardium, of which Wolff speaks, but 
can only regard them as mere fibrinous exudations. We know no 
test for muscular fibres but their contractility and their microscopic 
characters. § 

The question of the regeneration of nerves has been investigated 
experimentally by Arnemann, Haighton, Prevost, Mayer, Fontana, 
Michaelis, Swann, Breschet, and Tiedemann; but it is still involved 
in considerable doubt, in consequence of several observers not having 
distinguished between the mere reunion of the divided ends of the 
nerve and the possession of nervous power by the matter forming 
the cicatrix. To prove the latter to be the case, whether anatomi¬ 
cally or physiologically, is extremely difficult. Nerves when divided 
generally retract somewhat by virtue of the elasticity of their sheath; 
but the fact of the reunion of the divided ends of nerves when they 
lie in contact cannot be doubted. The new substance, if it has the 
properties of nerves, must contain nervous fibres. It appeared to 
ArnemannII to differ in structure from true nervous substance. 
Fontana,1[ on the other hand, states that the new substance which 
united the divided vagus in his experiments on rabbits was similar 
to nervous substance; but it is impossible that, so early as twenty- 
nine days after the division of the nerve, the true nervous fibrils 
could be generated in the cicatrix; for, on examining the new bond 
of union even after the interval of seven weeks, I was unable to 

* See Kleeman, Diss. circa Reprod. Partium. Halle, 1786. Huhn, De Regen. 
Part. Moll. Gott. 1787. Murray, De Reintegrat. Part. &c. Gott. 1787. Auten¬ 
rieth et Schnell, Diss. de Nat. Unionis Muscul. Vulnerat, Tiib. 1804. 

t See Mayer in Grafe und Walther’s Journ. 11. 4. 

De Format. Fibrar. Muscul. in Pericardio atq. in Pleura. Heidelb. 1832. 

§ See the remarks of Wutzer in Muller’s Archiv. 1834, p. 451. 

\ Versuche liber die Regeneration. Gott. 1797. 

^ Versuche viber das Vipernegift. 
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distinguish any nervous fibrils; the new matter seemed still to consist 
of dense cellular tissue. Prevost* divided the nervus vagus in a cat 
and allowed it to reunite; and, on examining the cicatrix after four 
months, found the nervous fibres continued through it. The assertion 
of Michaelis,t that when portions of nerve from nine to twelve lines 
in length had been cut out, the ends were again united at the end 
of some weeks by nervous fibres, is very improbable. To determine 
whether the new substance of the cicatrix was really nervous sub¬ 
stance, Meyerf and Tiedemann applied nitric acid, which dissolves 
the sheath of the nerves, but not the nervous substance itself. This 
test, however, is a deceptive one: as far as my experience goes, 
the minute fibrils of the nerves cannot be recognised by any che¬ 
mical means of investigation; they must be examined by means of 
the microscope while in a jierfectly fresh state. By this method, 
which is conclusive, and in fact not very difficult, I examined the 
cicatrix of the ischiatic nerve of a rabbit which had been divided 
seven weeks before, but could not satisfy myself with any certainty 
of the existence of parallel fibres in the cicatrix, which was a hard 
mass, apparently consisting of dense cellular tissue. Schwann, how¬ 
ever, has discovered true nervous fibres in the regenerated nervous 
substance; in his experiment, performed on a frog, the conducting 
power of the nerve was also restored. 

Experiments of which the object is to ascertain whether sensa¬ 
tion and motion are restored in parts after division of the nerves 
distributed to them, are of great importance; but, unfortunately, 
most of those hitherto instituted with this view have been deficient 
in critical accuracy. 

Arnemann, who was opposed to the opinion that the nerves are 
reproduced, once observed, after a cutaneous nerve of the fore-paw 
of a dog had been divided, that sensation was recovered. Descot§ 
observed the same thing in a man who had wounded the ulnar nerve; 
but his case is not conclusive, for the nerve was not completely di¬ 
vided. I was witness to the extirpation of a tumour of the ulnar 
nerve from the arm of a young man by Professor Wutzer; the nerve 
was divided above and below, and 2h inches of it removed with the 
tumour. It is clear that the nervous substance could not have been 
reproduced; and nevertheless, at the end of three or four weeks, 
sensation gradually returned in the ulnar side of the fourth finger, 
though not in the fifth finger; the return of sensation being evidently 
attributable to the connection of the palmar branch of the ulnar 
nerve, which goes in the fourth finger, with a small branch of the 
median nerve. At the end of eight months, the fourth finger had 
completely regained its sensibility on both sides. Gruithuisen has 
observed in his own person a gradual but imperfect return of sen¬ 
sation after division of the dorsal nerve of the thumb. A case is 

♦ Froriep’s Not. 360. 

I Uber die Regen. der Nerven. Cassel, 1785. 

t Reil’s Archiv. ii. 449. 

§ Dissert, sur les affect, locales des Nerfs. 
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related by Mr. Earle* * * § in which a part of the ulnar nerve had been 
cut out, and in which, in consequence, the little finger at the end of 
five years was still useless, and the sensations in it very imperfect. 
In the great majority of Arnemann’s experiments, the lower portion 
of the nerve was quite insensible one hundred and even one hun¬ 
dred and sixty days after its division. 

Among the most remarkable experiments on the reproduction of 
nerves are those of Haighton, Prevost, and Tiedemann. Haightont 
divided the nervous vagus on one side of the neck in a dog, and 
three days afterwards divided that on the opposite side; the dog died, 
as when both nerves are divided at the same time. In a second dog 
he divided the second nervus vagus nine days after the first; the dog 
lived thirteen days. In a third, the nerve of the one side was divided 
six weeks after that of the other side; the dog remained in a weak 
state for six months, but lived; at the end of six months the voice 
had returned, and the tones had become higher. Nineteen months 
after the nervi vagi were first divided, Haighton again divided both 
nerves one after the other; the animal died on the second day. 
Richerand repeated these experiments of Haighton with different 
results. Breschet and Delpech also deny that the nervous substance 
is regenerated.f Prevost, on the other hand, has confirmed Haigh- 
ton’s experiments; he repeated them on new-born kittens. 

In another series of experiments, the proof of the reproduction 
of the nerves consists in the restoration of the power of motion in 
limbs, the nerves of which have been divided. From most experi¬ 
ments of this kind no inference at all can be drawn, unless, as in 
Tiedemann’s case, all the nerves of the limb have been divided. 
Schwann § has made many experiments to determine the result of 
division of the ischiadic nerve in rabbits, from which, however, no 
certain conclusion can be deduced. The nerves distributed to the 
muscles of the thigh come off from the ischiadic plexus and the 
ischiadic nerve very high up, and are likewise in part derived from 
the crural and obturator nerves; so that division of the ischiadic 
nerve in the middle of the thigh, and even higher, paralyses merely 
the muscles of the leg and foot. Although the animals, therefore, 
will not be able to step perfectly with the foot in such a case, still 
they will be able to use the leg from the action of the muscles of the 
thigh being unimpaired. 

Too much importance had been attributed to Nysten’s experi¬ 
ments,|| which showed that, in persons who had died some days after 
an apoplectic attack, the muscles still retained their irritability— 
contracted on the application of galvanism,—although the brain had 
lost its influence; for, in the experiments which I have made with 
Dr. Sticker, we found that, although the lower portion of a divided 

* Med. Chir. Transact. 7. 

t Mem. Med. Soc. v. iii. Reil’s Archiv. ii. 80. 

Lund, Vivisectionen, 218. 

§ On the Treatment of local affections of the Nerves, London, 1820, translated 
into German by Francke. Leipz. 1824. 

II Nysten, loc. cit. p. 369. 
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nerve retained its irritability for a certain period, still, if the union of 
the two pprtions were prevented, the irritability was afterwards lost; 
so that when at the end of two months the galvanic stimulus of a sin¬ 
gle pair of plates was applied to the lower portion of the nerve, it 
produced no contractions in the muscles to which the nerve was dis¬ 
tributed. Even when applied to the muscles themselves, the galvanic 
stimulus in several cases did not excite contraction. The experiments 
on rabbits made by me, are, therefore, more in favour of the supposi¬ 
tion of reproduction of the nerve than opposed to it. In the third ex¬ 
periment only the irritability in the lower part of the nerve was 
almost completely lost, (although the nerve was allowed to unite,) 
and in this case, therefore, it seems that the nerve had cicatrised, but 
that the nervous communication was not restored. Since it appears 
from Sticker’s experiments that, unless their communication with 
the brain and spinal cord is maintained, nerves cannot preserve their 
irritability for any length of time, the mere fact that the lower por¬ 
tion of a divided and reunited nerve is irritable after the lapse of 
several months, proves that the union of the nerve restores in some 
degree the nervous communication. 

Schwann has recently performed an experiment, which clearly 
proves the fact of the reproduction of nerves in the frog:—He divided 
the ischiadic nerve in the middle of both thighs; after the operation, 
the frog at first leaped but rarely, generally moving only by crawl¬ 
ing; after a month it leaped more frequently, and at the end of 
three months this movement was performed almost as well as by 
any other frog. By the aid of the microscope, however, the now 
united nerve, at the place of division, was seen to contain nervous 
fibrils, lying close together and running its whole length, and the 
transparent aspect seemed to result only from the neurilema being 
less perfectly reproduced. The fibrils were continuous with those 
of the two ends of the nerve, and the stretching that was necessary 
for the microscopic examination fully accounted for the nervous 
cylinders being, at some points, connected only by very delicate 
threads. The upper end of the nerve was enlarged, as is the case 
with the ends of nerves in the stump of an amputated limb; the 
lower portion did not present the same appearance. The nerve of 
the other side could not be examined. The fact of the reproduction 
of the nervous fibres after the removal of a portion of a nerve has 
been confirmed by Steinriick. (Froriep’s Notiz. Dec. 1S38.) 

Without the reproduction of the nervous substance which has been 
thus demonstrated by Schwann, the experiments of Haighton, Pre- 
vost, and Tiedemann are inexplicable. Tiedemann divided in a dog, 
the nerves of the fore-foot and leg, namely, the ulnar, radial, median, 
and external cutaneous nerves, in the axilla, and at the expiration 
of eight months observed a return of sensation and motion, which 
was still greater after twenty-one months; and at last the dog re¬ 
gained the complete use of the foot. This experiment is most con¬ 
vincing with reference to regeneration of nerve. The return of 
some degree of sensation in transplanted flaps of skin, even after the 
division of the portion by which it was connected to its original 
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situation, as in the case of the flap of skin turned down from the 
forehead to form a new nose, is also an argument for the reproduc¬ 
tion of nervous fibres. If in such cases no reproduction of the minute 
nervous fibrils at the surface of union took place, such a portion of 
skin, after the division of the connecting isthmus, ought to be quite 
insensible. I learn from Professor Dieflenbach, the surgeon the most 
experienced in operations of this kind, that the sensibility remains 
always very inconsiderable in these parts, but that its existence to 
a limited extent cannot be denied. 

A circumstance, which very much increases the difficulty of 
imagining the process that takes place in the regeneration of divided 
nerves, is, that many nerves contain fasciculi of fibres of different 
kinds,—motor, sensitive, and sympathetic,—of which the first only, 
as we shall prove hereafter, have power of exciting muscular con¬ 
tractions. In the process of regeneration, therefore, motor fibres 
ought to unite with motor fibres, and the sensitive fibres with sensi¬ 
tive, which is difficult to conceive of such minute parts. Schwann’s 
principal object in his experiment detailed above was to ascertain 
whether the union of motor with sensitive fibres could be proved, 
by the effect of irritating the roots of the nerves in the spinal mar¬ 
row; whether, namely, irritation of the sensitive roots of these 
nerves would excite contractions in the muscles of the parts to 
which the nerves are distributed. With this view he laid bare the 
spinal cord in the frog, in which both ischiadic nerves had been 
divided and had reunited, and divided the posterior roots on both 
sides; no motion was produced in the legs; but when he divided 
the anterior motor roots, strong contractions of the muscles of 
the legs took place. This negative result, however, did not prove 
that no such union of motor and sensitive fibres existed, for it may 
be that the sensitive nerves are not endowed with the power of 
communicating an irritation from the centre to the peripheral parts. 

The arguments derived from neuralgic cases in support of the 
opinion of the production of nerves are the weakest of any. After 
the division of a nerve the extreme branches of which have been 
the seat of pain, the painful sensations often return. But this might 
be explained simply by supposing that the affection of the nerve 
which caused the pain originally is seated higher than the point 
where the nerve was divided, or that the cicatrix itself excites pains 
in the nerve. The circumstance, that these secondary pains are felt 
in the extreme parts, cannot surprise us; for the nervous trunks con¬ 
tain all the separate fibres, the extreme portions of which are dis¬ 
tributed in the course of ramification to the different parts; and, as 
all local sensations depend on the distinct connection of each of 
these fibres with the brain, affections of the nervous stump may 
excite sensations which will seem to be in the extreme parts. This 
occurs even when the extreme branches of the nerve are entirely 
gone, as in amputated limbs. In all the persons whom I have 
examined,—persons who had lost limbs by amputation,—twelve 
or more years after the operation, I found that sensations seated 
apparently in the lost parts, never entirely ceased to be felt. When 


132 


EXPERIMKNTS ON THE 


the nerves in the stump are pressed upon for a considerable time, 
the patients suffer distinctly from the sensation of the arm or leg, 
the greater part of which has been removed, being “asleep.” The 
belief that these sensations are lost a short time after amputation is 
an error of medical men, who generally do not watch the patients 
longer than a few months. 

Gruithuisen’s observations* on the consequences of the accidental 
division of the nervus dorsalis radialis pollicis, in his own person, 
are extremely interesting. The nerve was divided by a large trans¬ 
verse wound, at the posterior part of the second phalanx of the 
thumb, which reached the bone. The left side of the back of the 
thumb, including even the j>art covered by the nail was, in conse¬ 
quence, rendered perfectly void of sensation. During the inflamma¬ 
tion of the wound, which followed, this portion of the surface 
became the seat of an enduring, piercing, and burning pain (evi¬ 
dently dependent on the inflammation affecting the upper portion of 
the divided nerve,—the sensation in the skin being, as in the case of 
amputations, only illusory). In the course of a week, when the 
wound healed, these pains ceased, and the part then became insen¬ 
sible as before. After a time, however, it acquired some sensibility, 
but of an extremely undefined character. If he closed his eyes, 
while this part (the extent of which was two inches in length, and 
three-fourths of an inch in breadth,) was touched, he could not 
determine at what point of the surface the contact took place, erring 
in this to the extent of from three to five lines. When he strucji the 
cicatrix, he had the sensation of pricking under the nail. Eight 
months after these observations were made, the sensation was still 
quite as imperfect as before. Gruithuisen concludes with the re¬ 
mark, that the sensitive impressions can be transmitted through the 
cicatrix of a divided nerve; but that they become so dispersed in it, 
that they cannot be transmitted by distinct nervous fibres to the 
sensorium, and consequently cannot be referred to a determinate 
spot. 

Reproduction of brain and spinal cord .—There are no facts to 
prove that the consequences of loss of substance of the brain or of 
the spinal marrow, are ever completely removed by the reproduction 
of new substance. 

Arnemamijit is true, observed that in dogs, in which from twenty- 
six to fifty-four grains of the substance of the brain had been lost, 
the wound was afterwards filled by a new, gelatinous, yellow mass, 
which was more readily soluble in water than the substance of the 
brain. But it is not certain that this new substance was really cere¬ 
bral matter. Destruction of the superficial parts of thb brain, when 
unattended with compression or irritation, is often followed by no 
extraordinary consequences. Lesions of the spinal marrow are, as 
is well known, but too incurable. Wounds of the brain are stated, 
by Flourens, to cicatrise very readily, but without the reproduction 
of nervous substance which Arnemann supposed to take place. 


* Beitrage zur Physiognosie und Eautognosie. 
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There is at first tumefaction of the wounded parts, but they after¬ 
wards collapse and simply cicatrise. The functions of the brain are 
frequently restored after such injuries, but when this is the case, 
it takes place often within a few days after the injury; reproduction 
of the cerebral substance is certainly not the sole cause of it. It is 
said, however, that when the wall of one of the ventricles of the 
brain is removed to a certain extent, it is restored by the shooting 
in of the margins of the opening. 

b. Regeneration loith suppurative inflammation. 

Suppuration, or suppurative inflammation, always ensues when a 
wound is prevented from healing in the stage of fibrinous exudation 
or adhesive inflammation. Pus is formed by secretion on the sur¬ 
face or in the interior of the inflamed part, and at the moment of its 
elfusion, according to Brugmann and Autenrieth, it is more fluid and 
transparent. It appears to be formed at the expense of the organised 
matter, of which the composition is changed by the inflammatory 
action. The globules of pus are unequal in size;—for the most part 
they are larger than the red particles of the blood, with which they 
have no similarity in form; they are either particles thrown OS’ from 
the suppurating surface, or, like the particles of other secretions, are 
formed in the fluid at the moment that it exudes, in a manner similar 
to that of the fortnation of globules in a solution of albumen at the 
commencement of its coagulation. 

The pus globules are not flattened like the red particles of the 
blood, but are spherical, or nearly so. Their size varies somewhat, 
but in the mean is about of an inch. They appear under the 
microscope nearly colourless and transparent, and have a granular 
surface. Each globule contains a nucleus, which acetic acid causes 
to become very distinct, rendering the outer part of the globule or 
cell transparent. After a little time the acetic acid wholly dissolves 
the outer portion of the globule, and a part of the nucleus also; so 
that only two or three smaller particles, the nucleoli, are left. Be¬ 
sides these, the proper pus globules, there are a number of other 
much smaller particles floating in the fluid.* By a chemical analysis 
Gueterbock found that pus contained in solution, besides albumen, a 
peculiar matter which he has named “pyine.^t This substance re¬ 
sembles casein and chondrin in the character of being precipitated 
by a small quantity of acetic acid and by alum; but it is distinguished 
from chondrin by not being redissolved by excess of alum, and from 
casein by the addition of an excess of acetic acid not causing the 
solution of the precipitate. Muriatic acid also precipitates pyine; 
but if added in larger quantity, redissolves it. In the acid solution 

* Vogel doubts whether “ pyine” is an essential component of pus. 

f Pus and the pus globules have been examined microscopically and chemically 
by several observers within the last four years. The best essays on the subject 
are those of Gueterbock, De Pure et Granulatione. Berolini, 1837; Vogel, Ueber 
Eiter, Eiterung und die verwandt. Vorgange. Erlangen, 1838; and Valentin, 
Repertorium, 1838, p. 172. An account of the observations of the different obser¬ 
vers will be found in Valentin’s Repert. 1838, p. 164; and Muller’s Archiv. 1838, 
p. xii. and 1839, p. xvii. 
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thus obtained ferrocyaniiret of potassium throws down no precipitate. 
Pyine is also soluble in water, and the precipitate which alcohol 
produces in its solution, may be again dissolved by means of water. 
The same matter is also contained in mucus, in which, however, the 
osmazorae and albumen of pus are wanting. Pure mucus, more¬ 
over, contains no fatty matter; while in pus this is so abundant, as to 
cause it to burn like sealing-wax, and the microscope sometimes 
detects numerous fat globules mixed with the proper pus globules.^ 
Pus, too, is miscible with water, and is soluble in acetic acid, while 
mucus mixes with difficulty with water, and is coagulated by acetic 
acid.t These differences, however, are due to the fluid portion only 
of the two secretions; for mucus contains globules exactly similar to 
those of pus. The observation of Brugmann and Autenrieth, that 
pus when first secreted is a clear fluid, is confirmed by Vogel and 
Valentin. The mode of development of the pus globules in this fluid 
as described by Vogel,f accords exactly with the observations of 
Schleiden and Schwann relative to the formation of the primary cells 
of the normal tissues. First, granules appear; two or three of them 
become aggregated together and form a nucleus, around which a 
semi-transparent vesicle is gradually developed, and acquires the 
size and character of the perfect pus globules.§ 

In the healing of wounds by the first intention, or by adhesive 

♦ Gueterbock, loc. citat. p. 24; and Valentin’s Repert. 1833, p. 172. 

t Vogel, loc. citat. p. 107. 

Loc. citat. p. 152. Vogel’s observations were made on fluid secreted by a 
blistered surface, and on the pus of open wounds. 

§ It has been observed by many writers that pus is found in the veins and even 
in coagula contained in the heart in cases where suppuration has been going on 
in other parts of the body, but particularly in cases of phlebitis. Mr. Gulliver 
has recently announced (Philosophical Magazine, Sept. 1838) that pus may, by 
the aid of the microscope and other means, he detected in the blood in almost every 
instance in which there was either extensive suppuration or great inflammatory 
swelling. The translator has had the opportunity of verifying Mr. Gulliver’s ob¬ 
servation respecting the presence of globules resembling those of pus in the blood 
in the cases of two patients, under the care of Dr. Burrows, at St. Bartholomew’s 
Hospital, in whom contamination of the circulating fluid with pus was rendered 
probable both by the symptoms during life and the morbid appearance found after 
death. But, admitting that the globules found in the blood in such cases are 
really pus globules, there is still no proof either that they are absorbed from the 
original seat of the suppurative action, or that the pus effused in the parts second¬ 
arily affected consists either wholly or in part of such globules deposited from 
the blood. It would be much more probable that, the blood being contaminated 
by the absorption of a morbid fluid, pus globules are developed in it by the same 
process as on the surface of ulcers, and that the effusion by the liquid part of the 
blood gives rise to the formation of fresh pus in the same manner in other parts. 
Mr. Gulliver’s supposition that the blood particles are converted into pus globules 
is improbable, and is supported by no direct observation, except, perhaps, by that 
of Weber, relative to the transformation of the oval blood disks into colourless 
globular bodies in the vessels of the larvre of Batrachia where the circulation has 
become temporarily arrested in the part. A doubt, however, is thrown on the 
nature of the pus-like bodies observed by Mr. Gulliver in the human blood and on 
their relation to inflammatory and suppurative action, by the fact that similar bodies 
are found in the blood of healthy persons. This last fact was communicated to the 
translator some months since by Mr. Kiernan, and has been more recently men¬ 
tioned to him by Dr. Gueterbock. 
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inflammation, the edges of the wound are united by means of the 
organisable matter dissolved in the blood. But when wounds heal 
by suppurative inflammation, there is no effusion of plastic matter. 
Pus is not susceptible of organisation. Sir E. Home’s ideas respect¬ 
ing the conversion of pus into granulations are quite unphysiological. 
During suppuration and granulation there is no development of new 
vessels in matter previously exuded on the surface; but the size of 
the wound is diminished by the interstitial growth of the already 
organised particles forming its margins and base. The new matter 
formed in the cavity of the wound, having a granular surface, has 
received the name of granulations. These granulations contain 
reticulated capillaries; but no blood-vessels with free open extremi¬ 
ties, for such a form of blood-vessels exists in no part of the body. 
The pus, therefore, is secreted simply by the exposed surface of the 
granulations. The encroachment of the organised parietes of the 
wound on the cavity equally from all sides, from the borders as well 
as from the base of the wound, diminishes its size both in circum¬ 
ference and depth, till it is reduced to a point or quite closed, when 
the suppuration ceases spontaneously. It is only when the growth 
takes place more rapidly at the base of the sore than at the borders, 
that the granulations rise above the surface; and under these circum¬ 
stances the suppurating wound cannot be reduced till the proper 
relation between the borders and base of the sore is restored by 
cauterisation. In the contrary case, when the bottom of the wound 
is not regenerated so quickly as the margins, the sore becomes 
sinuous, and requires to be laid open by division of the borders. 
When the suppuration is very superficial, the secretion of pus ceases 
simultaneously with the inflammation, without any reduction of the 
extent of the wound by this growth of the base and margins being 
necessary. Pauli* has given a representation of the microscopic 
appearance of the capillaries in a suppurating wound. The struc¬ 
ture of granulations has been recently investigated, microscopically, 
by several observers;! but most accurately by Henle. The surface 
of the granulations is in great part formed of globular bodies or cells, 
which resemble pus globules in every respect, except the circum¬ 
stance of their nucleus not splitting into several smaller bodies under 
the action of acetic acid; within the most superficial stratum formed 
by these bodies, are nucleated cells rendered polyhedral by the pres¬ 
sure they exert on each other; and still deeper in the substances of 
the granulations, the cells are elongated into spindle-shaped bodies, 
and present the various forms, indicating their transformation into 
the fibres of cellular tissue, which afterwards constitute the sub¬ 
stance of the cicatrix. From these facts, Henle, and other recent 
writers on this subject, justly infer that both the pus globules and the 
new substance of the granulations are formed at the surface of the 
suppurating wound. The process seems to consist in the develop- 

* De Vulner. sanand. Comment. Gdtt. 1825. 

f Gueterbock, loc. citat. H. Wood, De Purls Natura atque Formatione. Berol. 
1837. Vogel, loc. citat. Valentin, Repertor. 1837, p. 2C3. Miescher, De inflam. 
Ossium, p. 181; and Henle, Hufeland’s Journal, Bd. Ixxxvi. 1838. 
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merit of «primary cells” in the plastic fluid eflTiised, and in the as¬ 
similation of a part of these cells into organised substance, and ulti¬ 
mately into cellular tissue, while another part of them is cast off in 
the form of pus globules. If the fluid effused is not sufficiently 
copious to form liquid pus, the surface of the wound becomes covered 
with a crust or scab, in which the nuclei of the pus globules can be 
seen united by a granular matter. When the organising assimilative 
power is defective, few primary cells are developed in the effused 
fluid, and the pus is then thin and ichorous, and the wound generally 
does not heal. On the contrary, if the assimilation is active, the 
primary cells are formed in abundance, and in that case the pus is 
thick and creamy, and granulations grow rapidly. 

In cases where a large extent of skin has been lost, it is replaced 
partly by growth inwards of the skin forming the margins of the 
wound, and partly by the condensation of the cellular tissue, as has 
been observed in a striking degree in cases of destruction of a large 
part of the scrotum. When great loss of skin occurs in cases of 
necrosis, in which the surface of the bone, from which the dead 
portion is thrown off, becomes soft and gives rise to a granulating 
growth, as we have observed in a case of extensive loss of substance 
of the integuments of the cranium, with necrosis of a large part of 
the external lamella of the cranial bones in consequence of a burn, 
the substance which forms the cicatrix seems to be formed in part 
by prolongation inwards of the surrounding skin, and partly also by 
the growth of cellular tissue from the surface of the granulating bone, 
which also forms for itself a new periosteum. 

The process which ensues upon necrosis of the bones, is a subject 
of great physiological interest. 

Necrosis, or the death of a bone, is the consequence either of the • 
unfavourable termination of inflammation of the bone in a bad con¬ 
stitution, or of its vascular supply being cut off by the destruction of 
its periosteum or medullary membrane. Destruction of the perios¬ 
teum, to a considerable extent, cuts off the supply of blood which 
the bone received through the medium of the vessels of that mem¬ 
brane, and induces the death of the exterior layers of the bone. 
When the medullary tissue of a bone is destroyed by inflammation, 
or artificially after a cylindrical bone has been sawn through in an 
animal, the supply of blood to the internal layers of the bone is in 
the same way cut off, and their death is the consequence; but in 
neither case does the whole thickness of the bone lose its vitality. 
The process which ensues in the external parts of the bone when the 
internal layers are destroyed, and in the internal parts when the 
external layers become necrotic, is very remarkable. The osseous 
substance becomes inflamed; the consequence of which is the effu¬ 
sion of coagulable lymph, as when the ends of broken bones become 
inflamed; and this coagulable lymph, as in the case of fractures, 
becomes organised, and afterwards ossified. If the lesion and con¬ 
sequent necrosis is on the outer surface of a cylindrical bone, the 
exudation takes place on the inner surface into the cavity of the bone, 
so that the medullary cavity is diminished in size. The callus thus 
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formed on the inner surface of the bone, strengthens it, supplying 
the loss of substance which it has sustained by the death of its outer 
layers. If any long bone is sawn across in a living animal, and its 
medulla destroyed, so as to produce necrosis of the inner layers of 
the bone, the exudation takes place on the external surface of the 
exterior, still living, lamellje. This is best seen when a hot iron has 
been thrust up the hollow bone of some animal, or when the cavity 
of the bone has been plugged with wood. 

The enlargement of the bone continues during the whole period 
of its inflammation. It is very distinct where the living bone is in 
contact with the exfoliated portion; the surface of the bone here 
becomes softened and exceedingly vascular. The growth of the 
bone, thus inflamed and softened, has the principal share in the re¬ 
generation of the portion of bone which has perished. The laminae 
of bone which are still living, become soft, red, and granulating, at 
the part where they are in contact with the dead bone, whether this 
consist of the internal laminae, as in internal necrosis, or of the px- 
ternal laminae, as in external necrosis; but in the former case the 
living shell of bone grows towards the exterior, so as to form a strong 
cylinder around the dead ^‘sequestrum,’’ the living bone beneath the 
necrotic layers, growing as well towards the exterior as towards the 
medullary cavity. In the latter case, where the internal layers of 
the bone are dead, the living shell of bone grows towards the ex¬ 
terior so as to form a strong cylinder around the dead sequestrum. 
The increase in size of the inflamed and softened bone, goes on as 
long as the surface in contact with the dead bone continues to se¬ 
crete pus. 

If the whole thickness of a bone has died, no new bone can be 
produced, the periosteum having no share in the process; but when 
merely the external or the internal layer has perished, then the bone 
is usually reproduced. But even in this case an entire new bone is 
not formed; the cylindrical sequestrum, in the case of internal ne¬ 
crosis, is only the internal laminae of the long bone, and the new 
cylinder around it merely the external laminae of the bone thickened 
and swollen. 

There has been much contention about the question, whether the 
new osseous mass which encloses the sequestrum, is reproduced 
merely by the enlargement of external layers of the bones, or is 
formed by the periosteum itself. Weidmann* supposes that both 
cases occur. Troja is led by his later experiments to adopt the first 
opinion, and Scarpa has recently proved it to be correct. Meding, 
on the other hand, supports the opinion of the formation of bone by 
the periosteum. It is in itself inconceivable that a membrane, such 
as the periosteum, which serves merely to contain the vessels which 
pass from it into the bones, and to invest the latter, can itself form 
organised osseous substance. I have already given my reasons for 
not assenting to this opinion. But it can be clearly shown in mam¬ 
malia, which are better adapted for this purpose than birds, that the 


♦ De Necrosi Ossium. 
12 * 
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formation of the new tube of bone is effected partly by the effusion of 
lymph in the adhesive stage of inflammation on the surface of and 
by the inflamed bone itself, not by the periosteum; but that the 
greatest part of the osseous mass is formed by the continued growth 
of the living layers of bone which surround the inner sequestrum, 
during the whole period of suppuration. I rest this statement upon 
the excellent observations of my colleague, M. J. Weber, which have 
been made known by M. Bannerth in his interesting thesis, in which 
drawings from the preparations are also given. The opinion of 
Scarpa, that the enlargement of the old bone takes place by “expan¬ 
sion,” has been shown by Miescher to be incorrect. The growth of 
the external laminae of the bone, which retain their life in internal 
necrosis, is effected by exudation. The description which I have 
given of the process of reproduction in bone, is founded partly on 
the examination of Weber’s preparations, and partly on Miescher’s 
observations. In conjunction with Dr. Pockels of Brunswick, also, 
I have examined the bones of several animals on which he had pro¬ 
duced internal necrosis for the purpose of experiment, and the results 
they affbrded were the same. On the subject of the reproduction of 
bone attending necrosis, consult Troja, Neue Beobacht. und Vers, 
liber die Knochen: iibers. von Schonberg. Erlang. 1828. Kohler, 
Exp. circa Regen. Ossium. Gott. 1786. Kortum, loc. cit. Meding, 
Diss. de Regen. Ossium, Lips. 1823. Scarpa, iiber die Expansion 
der Knochen und den Callus. Wiemar, 1828. Bannerth, Naturae 
Conaminum in oss. laes. sanand. Indagatio Anat. Physiol. Bonnae, 
1831. The best account of all previous researches on the reproduc¬ 
tion of the tissues will be found in the prize essay of Pauli, De Vul- 
ner. sanand. Comment. Gott. 1825. To the above. Dr. Baly adds 
the following remarks and references:—Many very valuable facts 
illustrative of the whole subject of the growth and reproduction of 
bone, will be found in Mr. Stanley’s Lectures, delivered at the Col¬ 
lege of Surgeons in 1837. (See Med. Gazette, vol. xx.) Mr. Stanley 
is of opinion that new bone may be formed not merely by the old 
bone and periosteum, but also by all the surrounding soft parts. In 
the Museum of St. Bartholomew’s Hospital are preparations demon¬ 
strating the formation of plates of osseous substance on the inner 
surface of the periosteum, in cases where nearly the entire shaft of a 
long bone had perished, and others showing the results of the experi¬ 
ments referred to by Mr. Stanley in his lectures, in which a portion of 
the whole thickness of a long bone having been removed in a living 
animal, but the periosteum being left, a complete regeneration of the 
bone took place, while the removal of a similar portion, together 
with its periosteal covering, was attended with a contrary result. 
Similar facts, derived from morbid anatomy and experiment have 
been adduced by Mr. Syme (in the Transact, of the Royal Society 
of Edinburgh) in proof that the periosteum has the power of form¬ 
ing bone. But to render the arguments founded on the pathological 
cases here alluded to conclusive, it should be shown that the surface 
of the dead bone was quite smooth—that portions of it had not sepa¬ 
rated with the periosteum, which could have served as nuclei, for 
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the growth of the new osseous cylinder; and with reference to the 
experiments on animals, which, at first sight appear so conclusive, 
it might be objected that the periosteum may be more prone to the 
exudation of plastic matter than the muscles and other surrounding 
tissues, and yet the conversion of this matter into osseous substance 
be effected by an assimilating action, commencing at the ends of the 
old bones. Mr. Syme, however, relates an experiment in which he 
merely separated the periosteum from the bone to a certain extent 
and inserted a thin plate of metal beneath it, and here the lamina of 
new bone formed on the exterior of the metal plate, was, he states, 
quite unconnected with the old bone, except through the medium of 
the periosteum. Even this experiment does not appear absolutely 
conclusive; for the separation of the periosteum from the bone being, 
necessarily, a very difficult task, minute portions of osseous substance 
may possibly be removed with it in the endeavour to maintain it 
entire. (For the observations of Heyne, whose opinions accord with 
those of Mr. Stanley, see Graefe und Walther’s Journal, Bd. xxiv.; 
and the Archives G6n6rales de M6decine, April, 1837.) 


BOOK II. 


OF THE CIRCULATING FLUIDS, OF THEIR MOTION, AND 
OF THE VASCULAR SYSTEM. 


SECTION I. 

OP THE BLOOD. ITS GENERAL PROPERTIES.* 

The quantity of the blood in the body cannot be exactly deter¬ 
mined: it is calculated, however, that in adult individuals it varies 
from eight to thirty pounds. M. Valentin has adopted an ingenious 
mode of ascertaining the quantity contained in the animal body. 
Having weighed the animal and determined the proportion of solid 
matter in a portion of its blood, he injects into its vessels a given 
quantity of distilled water, which soon becomes mixed with the 
blood. He then takes away a fresh portion of blood, and ascer¬ 
tains the proportion of solid matter in it. The relation between the 
amount of solid matter in the blood first taken, and that in the blood 
diluted with the given quantity of water, enables him to calculate 
very easily the quantity of the entire blood in the body of the ani¬ 
mal, t In this way M. Valentin has ascertained the relative quantity 
of the blood to be in 

♦ On the blood generally, consult Parmentier and Deyeux in Reil’s Archlv. b. 
i. heft. 2, p. 76.—Hewson’s Experimental Inquiries, 1772; in German. Vom 
Blute. Numb. 1780.—Prevost and Dumas, Bibliotheque Universelle, tom. xvii. p. 
294.—Meckel, Archiv. viii.—Scudamore on the Blood, London, 1824; or viber das 
Blut aus d. Engl. Wurzburg, 1826.—Berzelius, Thierchemie, 1831; or the 7th 
volume of his Traite de Chimie, translated into French by M. Esslinger.—Denis, 
Rech. Experim. sur le Sang Humain, Paris, 1830.—Thakray, Inquiry into the 
Nature of the Blood, London, 1819.—Dr. G. Burrows, Croonian Lectures for 
1834, in Medical Gazette. 

f Thus 1190 grains of blood taken from the left jugular vein of a large dog, 
yielded 24’54 per cent, of solid residue. After the injection of 10,905 grains of 
water into the blood-vessels, 1139 grains of blood taken from the right external 
jugular vein, afforded 21'86 per cent., and 1274 grains from the left external jugu¬ 
lar 21-89 per cent., of solid residue. The proportion of solid residue in the diluted 
blood was therefore 21*87 per cent. Now the quantity of water injected (viz, 
10,908 grains) multiplied by the proportion of solid residue in the diluted blood 
(or 21*87 per cent.) and divided by the difference between the residue of the blood 
thus diluted, and that of the blood before the injection of the water (that is 24.54— 
21*87), gave 89,323 grains as the quantity of blood which remained in the body 
after the extraction of the first 1190 grains; and by the addition of this last quan¬ 
tity, the whole amount of blood in the body at the commencement of the experi¬ 
ment was found, namely, 90,513 grains. The weight of the dog was 402,641 
grains, the proportion of the blood in its body was therefore, as 1 ; 4*44. 
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Large dogs as 1 : 4-50 (the mean of four experiments). 

A lean debilitated sheep as 1 : 5 03 

Cats (female) as 1 : 5-78 (the mean of two experiments). 

A large female rabbit as 1 : 6*20 

In animals of the same species, the relative quantity of blood seemed 
to be constant, whatever was their size. A bitch, however, seemed 
to contain less blood than the male dogs. The difference observed 
in the proportional quantity of the blood in different animals ac¬ 
corded with their size; large dogs contained the most, the rabbit the 
least blood. 

In calculating from the data afforded by these experiments on 
animals the amount of blood in the human body, M. Valentin 
deemed it best to take the relative weight of the blood in the body 
of the dog as the standard, namely, 1 : 4*36 for the male sex, and 
1 : 4-93 for the female: and then, adopting M. Quetelet’s table of the 
weight of the human subject at different ages, he found that the 
mean quantity of the blood in the male adult, at the time when the 
weight of the body is greatest (namely, at 30 years), should be about 
34§ lbs., and in the adult female at 50 years, when the weight of the 
body in that sex is at its maximum, about 26 lbs. 

The blood is the fluid from which are derived the materials for 
the formation and nutrition of all parts of the animal body. It re¬ 
ceives the effete decomposed materials from the different tissues, for 
the purpose of their excretion by special organs; and it is renovated 
by the new nutrient matters poured into it by the lymphatic vessels. 
The nutrient matters consist partly of substances introduced from 
without, and partly of matters which have already been organised 
components of the body. Their conversion into blood is effected not 
so much, probably, by the operation of particular organs as by the 
general action of all parts of the system upon them; for in the ovum, 
even before most of the organs exist, and when the first traces only 
of the central parts of the nervous system are formed, blood is gene¬ 
rated within the area vasculosa by the germinal membrane, which 
is the cicatricula or germ more fully developed by the attraction and 
assimilation of the fluids of the ovum. 

The blood which is brought to the heart from the lungs by the 
pulmonary veins, and projected by the left ventricle through the 
aorta and its branches into all parts of the body, has a bright red 
colour; that which returns through the venous system of the body 
to the right ventricle, and is thrown by it again into the lungs, has 
a dark red colour. The blood is also red in some invertebrate 
animals, as some of the Annelida (red-blooded worms). It has a 
reddish colour in some of the Mollusca, at least in the Planorbis, 
according to the observation of Treviranus and myself, and in an 
Entozoon allied to the Planarise, according to M. Milne Edwards. 
In many invertebrate animals it is colourless. 

If the blood is examined with the microscope either in the minute 
vessels of a transparent part, or immediately after it has flowed from 
the body, it is seen to consist of small red particles or globules^ and 
a clear colourless fluid. This fluid is the lympha or liquor san- 
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guinis, and must not be confounded with the serum, which is the 
thin fluid that separates from the crassamentum during coagulation. 
The liquor sanguinis can be obtained free from the red globules 
before coagulation takes place, by filtering the blood of the frog or 
any other animal in which the red globules are so large as not to 
pass through white filtering paper. The red particles are specifically 
heavier than the fluid, and consequently can contain no gasiform 
substance. 

The specific gravity of human blood varies from 1'0527 to 1-057. 
It has a saltish taste, a weak alkaline reaction, and a peculiar 
odour,— halitus sanguinis ^—which differs somewhat in different 
animals, and is strongest in the blood of the male sex. 

The blood of all vertebrate animals usually coagulates within the 
period of from two to ten minutes after its escape from the vessel; 
the blood of the human subject requires from three to seven minutes 
for its coagulation, that of the rabbit two minutes only. It becomes 
first a gelatinous mass; but this slowly contracts, and presses out a 
dull-yellow fluid,—the serum ,— which appears first in drops on the 
surface of the coagulum, and gradually increases in quantity. The 
red coagulum is called crassamentum, placenta, coagulum san¬ 
guinis, or clot. 

The serum has a specific gravity of from 1*027 to 1-029. It has 
a saltish taste, and in the higher animals a weak alkaline reaction, 
which is scarcely perceptible in the frog. Hermann was led into the 
error of supposing the serum to be acid, by observing that blood 
treated with tincture of litmus, yields a reddish serum, which really 
arises from the red colouring matter of the globules being soluble in 
the tincture, just as it is in water. The serum holds in solution 
several animal matters, of which the chief is albumen. This sub¬ 
stance requires for its coagulation the action of certain chemical 
agents, such as acids and alcohol, or a temperature of 158° Fahr.; it 
does not coagulate spontaneously. 

If the red coagulum is washed for some time in water, the colour¬ 
ing matter is dissolved, and a white fibrous substance remains which 
is called fibrin. This substance, like the red clot, sinks in water 
unless it accidentally contains bubbles of air. 

In females during pregnancy and in the puerperal state, in acute 
rheumatism and in inflammation,—indeed in all cases where the 
blood coagulates more slowly than usual,—the red globules often 
subside below the surface of the fluid before coagulation takes place, 
and the consequence is, that afterwards, when the whole mass coagu¬ 
lates, the upper part of the clot is white,—forming the inflammatory 
crust or butfy coat,—while the lower part is red. When fresh blood 
is stirred quickly, the red globules are not included in the coagulum; 
the fibrin coagulates slowly into colourless fibres, which adhere to 
the rod with which it is stirred, while the rest of the blood remains 
fluid with the red globules floating in it. Fresh blood, if exposed to 
a very low temperature, freezes, and may in that state be preserved, 
so as to be still susceptible of coagulation when it is thawed. Alka¬ 
lies prevent the coagulation of the blood; even a thousandth part of 
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caustic soda has this effect. Some salts also, as sulphate of soda, 
nitrate of potash, carbonate of soda, and carbonate of potash, when 
mixed with the blood out of the body, prevent or retard this pheno¬ 
menon. Fontana states that the poison of the viper, and that of the 
ticuna, added in the proportion of one part to twenty parts of blood, 
have the same effect, while the viper’s poison quickly induces the 
coagulation of the blood when inserted into a wound of the living 
body. There are certain circumstances, also, in which the blood 
remains fluid in the vessels, namely, in men and animals killed by 
lightning or strong electric shocks, in those poisoned by prussic acid, 
in animals hunted to death, and in men killed by violent blows on 
the epigastrium; and it is said that in these cases the limbs do not 
become rigid.^ In persons, also, who have died after protracted 
dyspnoea terminating in asphyxia, the blood is generally found fluid, 
at least for a much longer period than usual after death. 

Except under the circumstances just stated, blood, when removed 
from the body, always coagulates, whether it is kept at rest or in 
motion,—whether it is placed in a temperature equal to that of the 
living body,t in vacuo, in close vessels quite filled so as to exclude 
the air,:]; or in various gases which do not form part of the atmo¬ 
sphere. The sole cause of the coagulation of the blood is, that the 
proper combination of its elements is maintained so long only as the 
blood is under the influence of living surfaces, viz. of the vessels. 
Blood extravasated in the body, also, generally coagulates. Blood 
which is enclosed in a vessel between two ligatures, or of which the 
motion in the vessels has been impeded in any way, coagulates, 
though more slowly than out of the body; it seems necessary, there¬ 
fore, not only that the blood should be in contact with living surfaces, 
but also that it should continue in motion so as to be constantly 
brought into relation with fresh parts of them. Schroeder van der 
Kolk’s§ experiments seem to show that coagulation takes place with 
extraordinary rapidity after the brain and spinal marrow have been 
broken down; in a few minutes after the operation, coagula were 
found in the great vessels. Mayer observed that, after the applica¬ 
tion of a ligature to the nervus vagus, the blood coagulated in the 
vessels, and that death was thus produced. Four experiments, how¬ 
ever, which were performed under my direction, two on dogs and 
two on rabbits, did not confirm this observation, although the ani¬ 
mals were examined immediately after death, which was the effect 
of the operation, a ligature of the nervus vagus: in two cases only 

* Abernethy, Physlolog. Lectures, p. 246.—Hunter on the Blood, Works by 
Mr. Palmer, vol. iii. p. 41, Amer. edit. 

f According to Sir C. Scudamore, cold retards coagulation, while heat accele¬ 
rates it. 

t Dr. B. Babington (Med. Chirurg. Transact, vol. xvi.) has shown that coagu¬ 
lation is retarded by exclusion of air, and to such a degree, that the red particles 
have time to subside. By letting blood flow into a vessel containing oil, he ob¬ 
tained a thick fibrinous covering, while a portion of the same blood received into 
an empty vessel formed no buffy coat. 

§ Comment de Sanguinis Coagulatione. Groningen, 1820. Diss. sist. Sang. 
Coagulantis Historiam. Groning. 1820. 
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was a small coagulum of the size of a pea discovered in the left side 
of the heart, and none in the pulmonary vessels. Hewson, Parmen^ 
tier, and Deyeux have observed that blood extracted from the vessels, 
coagulates more rapidly in proportion as the vital powers of the 
animals decline. Several observers—Gordon, Thomson, and Mayer, 
for example—declare that they have observed elevation of tempera¬ 
ture during coagulation; while Dr. J. Davy* and Schroeder van der 
Kolk deny this most decidedly. 


CHAPTER I. 

Microscopical, Mechanical and Chemical Examination of the 

Blood A 

The parts into which the blood first divides are, the red particles 
and the liquor sanguinis. This last is found to consist of serum, 
and fibrin in solution; and the serum, again, is composed of the 
coagulable portion, or albumen, which is held in solution by an 
alkali, also casein, salivin, osmazome and water, with salts of soda 
and potash, viz. lactate of soda and chlorides of potassium and 
sodium. Fatty matter, rarely in a free state in the blood, is com¬ 
bined most generally with the fibrin, colouring matter and albumen 
of this fluid. We proceed now to speak of these several principles, 
except where,—as in the case of fibrin, in a great measure, and 
albumen, osmazome and fatty matter entirely,—they have been de¬ 
scribed under the head of General ,dnatomy in the First Book. 

OF THE RED PARTICLES. 

There is great want of accordance in the descriptions which 
writers have hitherto given of the red particles of the blood.f; I 
shall state here merely the results of my own observations.§ 

Mode of examining the red particles. —For the purpose of mi- 


♦ Tentamen experimentale de Sanguine. Edinb. 1814.—Meckel’s Archiv. i. 
117, ii. 317,iii. 454, 456. 

f From original researches. See Poggendorf’s Annal. 1832. 8. Berzelius is 
chiefly followed for the chemical part. 

4: A full account of the observations of diflerent physiologists will be found in 
E. H. Weber’s edition of Hildebrandt’s Anatomie, Bd. i. and in Burdach’s I’hy- 
siologie, Bd. iv. The best observers have been Muys, Fontana, Nouvi Osserva- 
zioni sopra i globetti rossi del sangue, Lucca, 1766.—Hewson, Experimental 
Inquiries, pt. iii. Lond. 1777.—Prevost and Dumas, Biblioth. Univers. t. xvii.— 
Meckel, Archiv. t. iii.—R. Wagner, zur vergleichende Physiologic des Blutes, 
1834. 

§ The most important facts relative to the form and properties of the red par¬ 
ticles of the blood were known to Hewson. A short historical account of the 
observations of different physiologists on these bodies was given by the translator 
in the former edition of this work. 
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croscopic examination, the blood must not be diluted with water; for 
this fluid has the property of immediately changing the red particles 
from a flattened to a spherical form, and of rendering circular those 
which were elliptical. The blood should be either diffused very 
thinly over the surface of the glass, or diluted with some serum or 
a weak solution of common salt or sugar; these solutions produce 
no change in the appearance of the red particles. The method I 
adopt in examining these bodies in the blood of the frog is, to place 
a small quantity of the serum of the blood of this animal on the 
glass, and to add to it a small quantity of the fresh blood. It is 
doubtless attributable to the use of bad instruments, and to the blood 
having been diluted with water, that the descriptions given of the 
red particles have been so various. 

The form of the red particles in different animals is very various; 
but whether elliptical or circular, they are always flattened. 

In mammalia, except in the dromedary and alpaco, including the 
human subject, they are circular disks. I have examined them in 
the calf, cat, dog, and rabbit, as well as in man; and am convinced 
that they are flattened in all these animals as well as in birds, reptiles, 
and fishes. In these and in amphibia, they are elliptical. In some 
fishes they are more nearly circular, but never perfectly so.* In 
reptiles, amphibia, and birds, the long and short diameters of the 
red particles are about in the proportion of two to one. 

They may be compared to a piece of money seen edgeways; but^ 
in proportion to their long diameter, they are much thicker than a 
piece of money. In human blood their thickness is about one-fourth 
or one-fifth of their transverse diameter. 

The flattening is greatest in reptiles, amphibia, and fishes; and of 
all animals it is most remarkable in the salamander. In birds, also, 
the red particles are decidedly flattened; but not to so great a degree 
as in amphibia. • 

Central spot .—In the centre of each red particle is a spot, which 
in the circular bodies is circular, in the elliptical also elliptical; on the 
illuminated side of the particle it appears light, on the opposite side 
dark. This spot has sometimes—I may say, indeed, has always in 
the elliptical globules—the appearance of being produced by a cen¬ 
tral nucleus, especially when the particle is brightly illuminated, and 
all shadow avoided. 

I will presently detail experiments by which I am able to demon¬ 
strate the existence of a nucleus, with chemical characters perfectly 
different from those of the outer vesicle, in each of the red particles 
of the frog and salamander. And as this nucleus has under the 
microscope exactly the same appearance in the red particles of birds 
and fishes as in those of amphibia, it would be expected to exist in 

* Rudolph! describes the red particles of fishes to be circular, and I formerly 
thought they were so in the Clupea alosa; but it was before I was acquainted with 
the right method of examining them. The error arose probably from inaccurate 
observation, or from diluting the blood with water. According to Prof. Wagner’s 
observation, also, the blood corpuscules of fishes are in some instances elliptical, in 
others more nearly circular. 
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those of mammalia also. And although, on account of the minute¬ 
ness of these bodies in mammalia, it is more difficult to demonstrate 
the nucleus in them, I have really seen it distinctly with an excellent 
microscope. Even in the red particles of human blood, I have seen 
a minute, round, accurately defined nucleus, which had a more yel¬ 
lowish and shining aspect than the transparent part around it. The 
existence of the nucleus here can also be demonstrated by the action 
of acetic acid, though much less distinctly than in the case of frog’s 
blood. 

The size of the red particles in human blood is pretty uniform; 
some few are larger than others, but none have twice the diameter 
of the majority. In the frog, also, their size is for the most part 
equal; some, however, without differing in any other respect, are 
somewhat smaller than the rest, and appear to be in the process of 
formation. Prevost and Dumas have found the red globules in the 
embryo to be larger than those of the adult animal. In the embryo 
of the rabbit their dimensions are very unequal; the greater number 
are of the same size as in the adult, and a few are more than twice 
that size. In the tadpole the same bodies appear to be somewhat 
smaller than in the frog, and are much paler. 

The red particles of amphibia are the largest that I am acquainted 
with; in birds, reptiles, and fishes, they are of less size; in mam¬ 
malia smallest, and among mammalia those of the goat are the most 
minute, as Prevost and Dumas correctly observed. In the calf they 
are rather smaller than in man. The red particles of frog’s blood 
being taken as a standard of comparison, and observed under the 
microscope side by side with those of other animals, it is found that 
those of birds are about one-half the size of those of the frog; that 
the red particles of the salamander are not quite one-third larger 
than those of the frog, and are rather more elongated: the blood 
f)articles of the lizard, compared with the same bodies from the frog, 
are found to be about two-thirds the size, while the circular particles 
of human blood measure only one-fourth the long diameter of the 
elliptical particles of frog’s blood. The red particles in the Proteus 
anguinus are, according to R. Wagner, larger than in any other 
known animal; they are twice as large as those of the blood of the 
frog. The red particles in man I have found to measure from 
0.00023 to 0.00035 of a French inch, to ^^3^ of an English inch 
in diameter. 

Lymph globules -in the blood .—In the blood of the frog as ob¬ 
tained from the heart of the animal, I have found other smaller 
bodies, much less numerous than the red particles, about one-fourth 
their size, and perfectly spherical. They are colourless and have a 
granulated surface. In the blood of the elephant Prof. C. H. Schultz* 
found corpuscules of several different forms; namely, globular colour¬ 
less bodies containing each a large nucleus,’other bodies slightly 
coloured, with one side flattened and the other rounded, and, lastly, 
intermediate forms between these and the completely flattened and 


* Miiller’s Archiv. 1839, p. 252, 
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red blood particles. The colourless globules in the blood of the frog 
agree in every respect with ihe scanty globules of the lymph of the 
same animal, which will be described in the chapter on the lymph, 
and are evidently identical with them, being received into the blood 
with the lymph and chyle. The relation in which these lymph glo¬ 
bules of the blood stand to the red particles will be considered here¬ 
after. 

It is generally believed that the conversion of the chyle into blood 
is effected very quickly. Such may certainly be the case; but the 
difficulty of distinguishing the chylous globules in the blood, is suffi¬ 
ciently explained by their being diffused among the more numerous 
red particles. During the ordinary coagulation of the blood of man 
and mammalia generally, the chylous globules are included in the 
crassamentum with the much more numerous red particles, and the 
serum is left transparent; but if coagulation is retarded by the addi¬ 
tion of a minute proportion of carbonate of potash, the red particles 
subside, while the chylous globules being lighter, are suspended in 
the upper part of the fluid, rendering it milky. 

Different action of serum and ivater on the coloured envelope .— 
Sir Everard Home* speaks of the red particles undergoing rapid 
decomposition; this is quite incorrect. The blood of a mammiferous 
animal from which the fibrin has been removed by brisk stirring, 
retains all the appearance of fresh blood, and the red particles remain 
suspended in it, with no change of their form or size discoverable 
by the best microscope after the lapse of several hours, or even on 
the following day. But if water is added to such a mixture of the 
red particles and serum of the blood of a mammiferous animal, a 
part of the colouring matter is quickly dissolved, and a large portion 
of the red particles sink to the bottom of the vessel. 

The solubility of the colouring matter in water enables us to de¬ 
monstrate the existence of a nucleus in each of the red particles. 
For this purpose a watch-glass should be filled with a mixture of 
the blood and water, and after waiting a short time for the particles 
to subside, the whole should be immersed in a large glass vessel 
partly filled with water, taking care not to disturb the sediment in 
the watch-glass. After standing for eighteen or twenty-four hours, 
the red deposit will have become white; and, if some of it be ex¬ 
amined with a microscope, the elliptical red particles will no longer 
be seen, but in their place a great number of small bodies, not more 
than a fourth the size of the original red particles, and for the most 
part roundish in form, a few only being oval. If the sediment is 
examined at intervals during the period mentioned, it will be quite 
apparent that, in proportion as the water becomes tinged with the 
colouring matter, the elliptical particles lose their red envelope and 
become smaller and smaller until the colourless nuclei merely remain. 
These nuclei are not further soluble in water, but form at length a 
mucous matter at the bottom of the glass, still consisting of the same 
granules. The nuclei of the red particles cannot be demonstrated 


* Philosophical Transactions, 1818. 
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in this manner in human blood on account of their minuteness; but 
from analogy it is probable that, when human blood is treated in 
the same way, the nuclei of its red particles also remain undissolved, 
but are suspended in the water. When the blood of mammalia 
coagulates, the red particles are included in the clot; and when the 
red colouring matter is extracted by washing in water, the nuclei 
may still remain in the fibrinous mass, or they may be separated 
from it, becoming suspended in the water, but they are not dissolved. 
Water, as Berzelius remarks, dissolves the colouring matter of the 
blood corpuscules in all proportions. Prevost and Dumas had denied 
this; but the experiment just described, particularly when performed 
with frog’s blood, proves beyond doubt that the colouring matter is 
really dissolved, and not merely suspended in minute particles in the 
water. 

Berzelius seems to attribute the insolubility of the colouring mat¬ 
ter in serum, to the albumen which this fluid contains. But I cannot 
think that this is the sole cause, and believe this property of the serum 
to be chiefly owing to the salts which enter into its composition: for 
when I added to a small quantity of the frog’s blood under the mi¬ 
croscope a solution of yolk of egg, the change in the red particles 
from the flattened to the spherical form took place as rapidly as when 
I added pure water; but when, in place of the solution of yolk of 
egg, I added a watery solution of any salt which produces no 
chemical change in the blood, such as carbonate of potash, or com¬ 
mon salt, the form and size of the red particles were not in the 
slightest degree altered. 

Effects of different re-agents on the red particles .—The nature 
of the red particles of the blood is much elucidated by the changes 
produced in them by the action of various fluids. To watch these 
changes a good compound microscope is required, and the blood of 
the frog or salamander must be employed. A drop of the frog’s 
blood freed from the fibrin, and a drop of any fluid of which we de¬ 
sire to try the effect, should be placed side by side upon a plate of 
glass, and the two drops made to unite, the effects produced at the 
moment that they become mixed being watched by means of the 
microscope; or the red particles may be first examined separately, 
and again after the re-agent has been added. This is the method I 
have constantly adopted in the following experiments. 

Water .—The instantaneous effect of water on the red particles is 
very remarkable. Those of human blood become indistinct; the 
further changes that they suffer cannot be distinguished with accu¬ 
racy, on account of their minute size; I think, however, that they 
are rendered globular: for, while they were floating about under the 
microscope, I could perceive none with a sharp border. But in the 
blood of the frog every change is distinctly seen; the elliptical bodies 
immediately become globular, no longer presenting a sharp edge to 
the eye as they roll over in the fluid. Whether they are enlarged at 
the same time, I cannot determine; their diameter is now interme¬ 
diate between the long and short diameter of the ellipsis which they 
before presented. Many appear unequal in size, are uneven on the 
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surface, and of irregular form; the majority are globular, but not 
accurately so. In several the nucleus is displaced,—is no longer at 
the centre, but at the side; in a few it is wholly wanting; in these it 
seems as if the violent change produced in them by the water had 
caused the expulsion of the nucleus; for, besides these globules which 
have lost their nuclei, a few nuclei without envelopes can also be 
seen strewed over the field of the microscope. These free nuclei are 
distinguished from the smaller globular or chylous particles of the 
frog’s blood, already described, by their elliptical form. More water 
being added, the red particles gradually diminish in size, dissolving 
away, till at length nothing but the insoluble nuclei remain. Water 
in which carbonate of potash, common salt, sal ammoniac, or sugar 
has been dissolved, produces no change in the size and form of the 
globules, unless the solution of carbonate of potash is saturated, when 
it seems to produce a slight and gradual diminution of their size. 

Acetic acid. —If, instead of water, dilute or concentrated acetic 
acid is used, the elliptical particles immediately become irregular in 
form, and some are rendered globular. The red colouring matter is 
in a few minutes almost entirely dissolved, leaving small bodies not 
more than one-third or one-fourth the diameter of the original red 
particles. These are not globules contracted by the action of the 
acid, but nuclei deprived of the red colouring matter. By means of 
acetic acid, the extremely minute nuclei of the red particles of the 
blood of mammalia can be rendered visible; but the most careful 
manipulation, and a very good microscope, are required for the ob¬ 
servation. 

If the blood of the frog freed from fibrin is mixed in some quantity 
with acetic acid, the same change in the globules takes place; but 
we also observe that the nuclei subside in the form of a light brown 
powder, which, after the lapse of several days, remains undissolved, 
and which is found even at a later period, if examined by the mi¬ 
croscope, to consist of the unaltered nuclei oif the red particles. Fibrin 
and albumen are not rendered brown by the action of acetic acid; on 
the contrary, it renders them transparent, and by degrees in part dis¬ 
solves them. The brown colour of the deposit, therefore, seems to 
depend on some of the colouring matter which still adheres to the 
nuclei, and is perhaps chemically changed; for the nuclei obtained 
by subjecting the red particles to the action of a large quantity of 
water are white, and remain so when acetic acid is poured over 
them. The acid used in these experiments was ascertained to be 
pure, and was somewhat more concentrated than the acetic acid of 
the Prussian pharmacopoeia. 

Muriatic acid does not dissolve all the colouring envelope; it 
diminishes the size of the red particles very slightly. Chlorine de¬ 
stroys the colour; the frog’s blood becomes first brown, afterwards 
nearly white, like milk, the albumen coagulating into globular gra¬ 
nules. If this white matter is examined by the aid of a microscope, 
the form of the elliptical particles of the blood can still be distin¬ 
guished in it, but they are somewhat smaller. 

13* 
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The form of the red particles is not affected by oxygen or carbonic 
acid. 

Liquor potassse dissolves the red particles very quickly,—the nu¬ 
clei as well as the colouring envelope,—without previously changing 
their form. Their solution is effected still more rapidly by liquor 
ammo7iisc, and is*also complete; but at the moment of mixture the 
red particles become globular. Jilcohol causes merely slight con¬ 
traction of them; and the globules of albumen, produced by the 
coagulation of the serum, cloud the field of vision and render the 
red particles indistinct. Strychnia and morphia produce no change 
in them. 

The size and form of the red particles are the same in arterial 
and venous blood. This is contrary to the statement of the other¬ 
wise accurate Kaltenbrunner, who describes them as increasing some¬ 
what in size, and losing their defined border, which is dissolved 
away, as it were, in their passage through the capillaries. 

The blood of invertebrate animals has floating in it bodies analo¬ 
gous to the red particles of the blood of vertebrata, but proportion¬ 
ally much less numerous. The form as well as the size of these 
bodies is very various. The action of acetic acid renders the pre¬ 
sence of a granular nucleus in their interior very evident, though, 
without the aid of this re-agent, the nucleus is sometimes visible. 
It is most probable that the blood particles of all animals have 
nuclei. 


, Chemical Analysis of the Red Particles. 

The nuclei. —No complete chemical analysis of the nuclei of the 
red particles has hitherto been made, on account of the difficulty of 
obtaining these bodies in sufficient quantity. The red particles 
being large in frog’s blood, the nuclei can be easily obtained free 
from their envelope by the method already described. They are 
insoluble in water, and in acetic acid they remain several days with¬ 
out undergoing any change; while they are soluble in a solution of 
alkali—of soda and potash, as well as of ammonia. In these cha¬ 
racters they resembled coagulated fibrin and albumen, but the latter 
substances are more soluble in acetic acid. 

The chemical properties of the envelope of the blood particles also 
are but little known. It is impregnated with the red colouring 
matter, which is readily, and in all proportions, soluble in water. 
Acetic acid does not completely dissolve the envelope, but leaves a 
delicate pellicle around the nuclei. (See page 148.) 

The colouring matter of the red particles, the fibrin dissolved in 
the blood, and the serum from which the fibrin has separated, are 
susceptible of a more complete analysis. 

The colouring matter^ hsematin, cruorin. —Berzelius has ana¬ 
lysed cruorin in three states:— 

1st. As it exists in the red particles; 2d. dissolved in water; 3d. in 
the coagulated state, in which it is insoluble in water. 

1. The colouring matter in its natural state has a great affinity for 
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oxygen, uniting with it, and becoming of a brighter colour whenever 
it comes into contact with it or with atmospheric air. Carbonic acid 
is at the same time developed; this was the result of the experiments 
of Berthold, and of those of Christison and myself. If a stream of 
oxygen is passed through blood from which the fibrin has been re¬ 
moved, the fluid becomes throughout of a bright red colour. The 
same change is effected on the surface of blood thus prepared, as 
well as of freshly drawn blood, by mere exposure to air. By long 
contact with oxygen the colouring matter becomes black, (owing, 
perhaps, to the carbonic acid formed having united with it,) and the 
bright red colour cannot then be restored. Carbonic acid, sulphurous 
acid, and the acids generally, change the colour of the blood to a 
dark brown. Blood from which the fibrin has been removed, absorbs 
nitrous oxide in large quantity, and becomes of a purple red colour; 
but its natural colour is restored by transmitting through it a stream 
of atmospheric air. Carburetted hydrogen also is said to communi¬ 
cate a brighter colour to dark blood. Several salts—for example, 
common salt, nitre, and sulphate of soda—have the same effect.* 
Schroeder van der Kolk observed that bright red spots were produced 
on the surface of venous blood by the electric spark. 

The colouring matter is dissolved by water in all proportions. It 
is obtained in the state of solution by washing the crassamentum; 
but as we cannot avoid removing the nuclei at the same time, these 
bodies suspended in the fluid necessarily enter into its analysis. 

2. The solution of cruorin is reddened less strongly than blood 
by exposure to air. By evaporating it at a temperature of 12^° 
Fahr. a blackish mass is obtained which can be rubbed to a dark 
red powder, and is then again soluble in water. At 158° Fahr. the 
colouring matter in the watery solution coagulates, and is then in¬ 
soluble. Alcohol and the mineral acids also coagulate it; and the 
addition of an alkali to its solution in acetic acid, or of an acid to its 
solution in an alkali, likewise precipitates it in a coagulated state. 
Of the precipitates thrown down by the salts of earth and metallic 
oxides, some are brown; others are black, and others red.t 

3. J7i the coagulated state produced by a heat of 158° Fahr., the 
colouring matter is red and granular; when dried by heat, it becomes 
black. The long action of boiling water changes the red colouring 
matter, just as it does fibrin. Acids also form with coagulated 
cruorin, as with fibrin, neutral combinations, soluble in pure water; 
those formed with cruorin being of a dark brown colour. The co¬ 
agulated cruorin is soluble in alkalies also. It is precipitated from 
its solutions in alkalies and acids by tannin. Tiedemann and Gmelin 
have discovered that it is slowly soluble in alcohol, giving this fluid 
a dark red colour. It may, therefore, be separated from the albumen 
which it contains, by means of alcohol, in which the albumen is in¬ 
soluble. Lecanu, on this account, regarded the substance forming 
the pellicle of the red particles,—the hoematosine,—as a compound 

* Berzelius, loc. cit. p. 48. See also Dr. Burrows’s Croonian Lectures. Med. 
Gazette, 1834. 

f Berzelius, loc. cit. pp. 50, 51. 
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of the true colouring matter which he calls globulin, and albumen. 
There is, however, no reason for this supposition; for the albumen 
may be derived from some serum, or from the nuclei of the red par¬ 
ticles, separated with the colouring matter from the clot during its 
ablution. * Michaelis gives the following as the result of his analysis 
of this substance:— 


In Arterial Blood. In Venous Blood. 
Nitrogen, . . . 17-253 . . 17-392 

Carbon, . . . 51-382 . . 53-231 

Hydrogen, . . . 8-354 . . 7-711 

Oxygen, . . . 23-011 . . 21-666 

100 - 100 - 


From this it appears, that the elementary composition of the 
colouring matter agrees with that of fibrin. The ashes, however, 
left by the former substance, when calcined, are in larger quantity 
than that obtained from fibrin, and contain a considerable proportion 
of iron. The assertion of Brande and Vauquelin, that the colouring 
matter does not contain a larger proportion of iron than the serum 
and other animal substances, has been proved by Berzelius and 
Engelhardt to be incorrect. Oehlenschlagert also discovered iron in 
the blood of puppies which had not yet sucked. Iron is therefore 
not an accidental ingredient derived from the food. The ashes of 
the colouring matter are always alkaline, and of a red brown colour; 
and, according to Berzelius, in human as well as in bullock’s blood 
amount to 1^ or per cent, of the weight of the dried colouring 
matter. In the colouring matter of calf’s blood it amounts, accord¬ 
ing to Michaelis, to 2-2 per cent. Berzelius, in the analysis of 1-3 
part of ashes, obtained from 100 parts of dried colouring matter, 


found 

Carb. soda, with traces of phos. soda.0-3 

Phosphate of lime,.0-1 

Pure lime, . 0-2 

Subphosphate of iron,.01 

Oxide of iron,.. 0-5 

Carbonic acid, and loss,.0-1 


1-3 

In another experiment Berzelius obtained from 400 grains of dried 
colouring matter, five grains of ashes, which were composed of 

Oxide of iron, ...... ... 50 0 

Subphosphate of iron,. . 7-5 

Phos|)hate of lime, with a small quantity of phosp. magnes. . 6-0 

Pure lime, . . . . • . . . ... 20-0 

Carbonic acid, and loss,.16-5 

100-0 

The average result of Berzelius’s experiments is, that the colour¬ 
ing matter contains rather more than one-half per cent, of its weight 
of metallic iron. According to Lecanu,J the ashes of the red pure 

* Lecanu, in Poggendorf’s Annal. 1832, iv. 550. 

t Kastner, Archiv. 1831, Sept. Oct. p. 317. 

Etudes Chimiques sur le sang humain, Paris, 1837, as quoted by Valentin, 
Repertor. 1838, p. 230, 
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colouring matter obtained by his new process from human blood, 
contain 10 per cent, of oxide of iron. Few persons have hitherto 
found manganese in the blood. In two grammes* of blood-ashes, 
Wurzert found 0-108 of oxide of iron, and 0 034 of oxide of manga¬ 
nese. 

State in which iron exists in blood .—Menghini asserts that blood 
dried and powdered is affected by the magnet, by virtue of the iron 
which it contains; while, according to Sir C. Scudamore, the red 
colouring matter, when calcined, is not so affected. None of the 
common and most delicate tests for oxide of iron,—as ferrocyanate 
of potash, tannin, gallic acid, and the strongest mineral acids,— 
detect the slightest traces of iron or phosphate of lime in the colour¬ 
ing matter before it is calcined; it appears, therefore, that the iron 
and calcium of the blood are not in the state of salts. The assertion 
of Fourcroy, that the colouring matter is a solution of subphosphate 
of the peroxide of iron in albumen, and that the iron contained in 
the chyle is neutral phosphate of the protoxide of iron, is proved by 
the experiments of Berzelius to be incorrect; for the subphosphate of 
the peroxide of iron is insoluble in serum and in albumen, whether 
with or without the addition of an alkali. The opinion of MM. 
Prevost and Dumas, that the colouring matter is albumen contain¬ 
ing peroxide of iron in solution, appears to be also incorrect; for the 
mineral acids and aqua regia should extract the iron from the uncal¬ 
cined colouring matterf if such were its constitution. 

Engelhardt§ has made some important discoveries relative to the 
share of the iron in producing the red colour. He first showed 
that a solution of the colouring matter of the blood in water, when 
impregnated with sulphuretted hydrogen, after a time loses its 
colour, becoming first violet, then green. This is exactly the effect 
which the same gas has on iron; and the experiment therefore 
seems to prove that this metal contributes to the production of the 
red colour. Engelhardt also found that all the iron, magnesium, and 
phosphorus, can be extracted from the watery solution of colouring 
matter, or from the coagulated colouring matter suspended in water, 
by passing a stream of chlorine through the fluid, or by mixing it 
with a solution of chlorine in water. The solution of colouring matter 
becomes at first greenish, and then quite colourless; the animal mat¬ 
ter is precipitated in white flocculi combined with chlorine or hydro¬ 
chloric acid; while the iron, calcium, magnesium, and phosphorus 
remain in the solution, combined either with oxygen or with chlo¬ 
rine,—the iron, for example, in the state of chloride of iron, the 
phosphorus as phosphoric acid,—and may be separated from it by 
filtration. The precipitated animal matter yields no ashes by calci¬ 
nation. Now chlorine has no affinity for oxides, but has a very 
strong aflinity for metals. Moreover, iron is not extracted from the 

♦ A gramme equals 15-438 grains avoirdupois. 

f Schweigger, Journ. Iviii. p. 481. 

X Berzelius, loc. cit. p. 58.—French translation, p. 61. 

§ De vera materiae sanguini purpureum colorem impertientis natura. Gottingen, 
1825. 
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blood by muriatic and other mineral acids, which have a great 
aflinity for metallic oxides, but none for the metals themselves. 
Hence Berzelius considered it more probable that the iron in the 
blood is in the metallic state, not in the state of an oxide, although 
there is no analogous instance known of a quinary combination of a 
metal with nitrogen, carbon, hydrogen, and oxygen. 

M. Rose* has lately adduced new facts in support of the opinion, 
that the iron contained in the blood is in the condition of an oxide. 
Rose repeated Engelhardt’s experiment. By filtering the fluid after 
the change effected by the chlorine, and after the precipitation of the 
animal matter, he was able to separate the iron, while if, instead of 
filtering, he added to the fluid an excess of ammonia, all the pre¬ 
cipitate was again dissolved and a dark red colour produced, and no 
iron was thrown down. Rose then mixed a solution of colouring 
matter with a certain quantity of a persalt of iron, and added am¬ 
monia in excess, when the peroxide of iron remained in solution, 
and could be separated neither by sulphuretted hydrogen nor tincture 
of galls. Rose found, moreover, that when a persalt of iron is mixed 
in small quantity with a solution of many fixed organic substances, 
such as sugar, gum, starch, sugar of milk, and gelatine, the peroxide 
cannot be precipitated from the fluid by alkalies. These experiments 
are certainlj^in favour of the supposition, that the iron in the colour¬ 
ing matter of the blood is in the state of an oxide combined with 
animal matter. Berzelius, however, is of opinion that the kind of 
combination which in the experiments of Rose retains the oxide of 
iron dissolved in the albumen or colouring matter, is not that by 
which it exists naturally in the colouring matter of the blood; be¬ 
cause, were that the case, the iron would be extracted from the 
latter by acids, as it is from such artificial compounds of colouring 
matter or serum with peroxide or protoxide of iron. When a 
mineral acid is added to such an artificial compound, the colouring 
matter or albumen is precipitated, and the oxide dissolved in the 
acid. 

Berzelius believes, therefore, that the iron in the colouring matter 
is in the metallic state “organically” combined with nitrogen, carbon, 
hydrogen, and oxygen, together with a small quantity of phosphorus, 
calcium, and magnesium; and that by calcination of the colouring 
matter its elements are oxidised, so as to form phosphoric acid, lime, 
magnesia, and peroxide of iron. The state of the iron in the chyle 
seems also to favour this view; for it must there be in quite a different 
state,—namely, in the state of peroxide,—since Emmertt has found 
that it is extracted by nitric acid; and forms then with tincture of 
galls a black, with ferrocyanate of potash a blue, precipitate. 

Meanwhile Gmelinf opposes the view which attributes the red 
colour of the blood principally to the iron, though he does not deny 
that iron in the metallic state is combined with nitrogen, carbon, 
oxygen, and hydrogen, in the colouring matter. 

* Poggendorf’s Ann. vii. 81. f Reil, Archiv. 8. 

ij; Gmelin, Chemie, iv. 1169. 
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Treviranus has offered a peculiar view of the condition of the iron 
in the blood. He supposes that the substance, called by Winterl,— 
who procured it by carbonising blood with potash ,—sanguineous 
acid, combined with iron, is the cause of the red colour of the blood. 

Hermbstaedt,* recently, from observing that sulphuretted hydro¬ 
gen is developed during the putrefaction of blood and albumen, as 
well as from several experiments, has been led to the conclusion that 
sulphur is a colouring ingredient in the blood. His explanation is, 
however, devoid of all probability. 

Of the liquor sanguinis. 

The liquor sanguinis ^—the fluid portion of the blood in which 
the red particles float during life,—separates, when coagulation takes 
place, into two parts,—the serum, and the fibrin which was pre¬ 
viously in solution. The fibrin coagulating encloses within it the 
red particles. The serum still retains the albumen in solution. We 
shall treat first of the fibrin. 

1. Of the state in which fibrin is found in the blood. 

Conflicting opinions have been held respecting the relation of the 
fibrin to the red globules, and its solution in the fluid part of the 
blood. Sir Everard Home, and Prevost and Dumas, caused phy¬ 
siology to retrograde when they taught that the coagulation of the 
blood resulted from the aggregation of the red particles, and that 
these latter are merely globules of fibrin in an envelope of red 
colouring matter. Hewson long ago showed the real state of fibrin 
to be that of solution in the fluid part of the blood.t Berzelius sub¬ 
sequently observing that the lymph contains fibrin in solution, con¬ 
jectured that the blood also must contain this latter in that state; and 
hence he suggested that the clot was formed by the fibrin coagulating 
and enclosing the red particles. I have satisfied myself by experi¬ 
ments that this is a correct view of the case, and that fibrin as well 
as albumen, is really dissolved in the liquor sanguinis. After other 
experiments, I had recourse to the following unquestionable mode 
of demonstrating this fact. Knowing that the red particles of frog’s 
blood are four times the size of those bodies in the blood of mam¬ 
malia, I conjectured that, although the red particles of the latter 
animals pass through filter paper, those of the frog might not; and 
I found this opinion correct. Thus, as generally happens, the most 
simple means was the last thought of. I am now enabled to show 

^ Schweigger’s Journ. 1832, v. and vi. 314. 

t In England this has been not merely the opinion of individuals, but, before 
physiologists were led astray by the incorrect observations of Sir Everard Home 
and MM. Prevost and Dumas, was the one generally held and taught in the schools. 
—See Hewson’s Experimental Inquiries, part i. —Hunter’s Treatise on the 

Blood, p. 16 et sequent, (Mr. Palmer’s edition.)—Dr. Gordon’s Outlines of 
Lectures on Human Physiology, 1817, p. 60,—and the translator’s note at page 
110 of the former edition of this work. 
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at lecture by an easy experiment, that fibrin is held in solution in 
the blood; that it passes limpid through the filter, and then coagulates. 
The experiment can be made on quite a small scale with the blood 
of a single frog; a small glass funnel and a filter of common white 
filtering paper, or not very thick printing paper, being all the appa¬ 
ratus required. The filter must, of course, be previously moistened; 
and it is better to add some water to the blood as soon as the latter 
is poured into the filter. What then passes through is a perfectly 
clear serous fluid diluted with water, and merely tinged in the 
slightest degree by the red colouring matter, which in frog’s blood 
is not rapidly dissolved. Sometimes it is quite colourless. Of course, 
all the fibrin of the blood is not separated by this process; the 
greater part of it coagulates before it can pass through the filter. 
To find the paper best adapted for the filter, some trials must be 
made with different kinds. If the paper is too thin, some few red 
particles pass through it with the fluid, and will afterwards be seen 
here and there in the coagulum. If the paper is of the proper thick¬ 
ness, the coagulum will not contain a single red particle. 

There is still another mode of proving that fibrin exists dissolved 
not only in the blood of the frog, but also in that of mammalia. By 
adding to the blood of man or any vertebrate animal some drops of 
a very concentrated solution of carbonate of potash, coagulation is 
retarded, so that the red particles have time to subside. In the space 
of half an hour a soft coagulum forms, of which the lower part con¬ 
taining the red particles is red, while the upper is white. This ex¬ 
periment was performed by Mr. Hewson. 

Proportion of fibrin in the blood .—We are indebted to MM. 
Prevost and Dumas for an attempt to calculate the amount of the 
red particles in the blood of different animals, from the weight of 
the crassamentum when dried. But, as Berzelius has remarked, 
the result of such calculations can never be exact; because the cras¬ 
samentum contains a large quantity of serum, the albumen and salts 
of which must be left behind during desiccation; and if the coagulum 
were washed, not only the serum, but the red colouring matter also 
would be removed. It must likewise be remembered, that Prevost 
and Dumas consider the fibrin to be wholly derived from the red 
particles, so that what they speak of as the amount of red particles, 
must be regarded as the sum of the red particles and fibrin together. 
With this correction, their numerous calculations of the proportional 
weight of the different component parts of the blood are of value. 
The same remarks apply also to.the otherwise excellent researches 
of Lecanu, with regard to the quantity of the red particles in the dif¬ 
ferent temperaments and sexes. 

To determine the quantity of fibrin in the blood of different ani¬ 
mals and in different diseases, new experiments are required. The 
best mode of ascertaining the quantity of fibrin is by briskly stirring 
the blood with a rod or bunch of twigs, when the fibrin separates in 
the form of a colourless or nearly colourless coagulum, and leaves the 
blood of its natural colour; the red particles floating in it having 
undergone no change, provided that water had not been added. 
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This is the only method by which the red particles can be separated 
in their perfect state from the jfibrin. If the fluid parts are strained 
oIF through a linen cloth, and the solid fibrin washed so as to purify 
it from serum, the weight of fibrin contained in a certain quantity 
of blood can be accurately determined. The exact proportion of red 
particles cannot be ascertained. 

The only point which I have investigated, is the proportion of 
fibrin in the blood, this being the only one which can be determined 
with accuracy. From 3627 grains of bullock’s blood I obtained, by 
stirring, 18 grains of fibrin. The crassamentum of 3945 grains of 
the same blood weighed, when dried, 641 grains. So that in 100 
parts of the blood of this animal there were 16 248 parts of dry cras¬ 
samentum and 0-496 parts of fibrin. Fourcroy estimates the quantity 
of dry fibrin in 1000 parts of blood at from 1-5 to 4-3. Berzelius calcu¬ 
lated that it was 0 75; while Lassaigne found it to be 1-2. In twenty- 
two experiments Lecanu found the proportion of dry fibrin in 1000 
parts of human bloed to vary from 1-360 to 7 235 parts.* 

Proportion of fibrin and red particles in arterial and venous 
blood. —Prevost and Dumas state, as the result of their experiments, 
that arterial blood contains more red particles than venous blood; 
meaning of course, that it contains more crassamentum. Arterial 
blood would be expected to contain more fibrin; because the mate¬ 
rial for the nutrition of the body is derived from arterial blood, and 
the lymph and chyle, both of which contain fibrin in solution, are 
being constantly poured into the central parts of the circulating sys¬ 
tem. The result of several experiments instituted by Mayer, Ber- 
thold, and myself, agreed with this supposition. The mean result of 
these is, that the quantities of the fibrin in arterial and venous blood 
are in the proportion of 29 to 24. 

The substance which has been subjected to chemical analysis 
under the name of fibrin of the blood, is the matter which, while the 
blood is circulating, is in a state of solution, and coagulates when 
the blood is removed from the body. When obtained by stirring the 
blood, it is pure; but if procured by washing the coagulum, it may 
also contain the nuclei of the red particles. The proportion which 
these bodies form in it, cannot, however, be very great; for there is 
scarcely any difference in weight between the coagulum when de¬ 
prived of its colouring matter by washing, and the fibrin obtained 
from the same quantity of blood by stirring. Whether the nuclei 
which I obtained from frog’s blood consist of fibrin or not, is difficult 
to say; they have the more general properties of coagulated fibrin 
and albumen. 

Coagulation of infiammatory blood. —In inflammation, and under 
some other circumstances, the blood coagulates in an unusual man¬ 
ner. Before coagulation commences, the red particles subside to a 
certain extent, leaving the upper part of the still fluid blood colour¬ 
less or milky; and the upper layer of the gelatinous coagulum, 
which soon afterwards forms, is white or of a grayish yellow colour, 

* Lecanu, Transact. Med. 6 Oct. 1831, 92. 
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while the lower part is red. During the contraction of the coagulum, 
these two portions of the clot diminish unequally in size; the upper 
whitish or grayish yellow substance contracts more firmly; and, 
although at first the coagulum occupied equally at all heights the 
entire diameter of the vessel which contains it, the whitish portion 
acquires at length a much smaller diameter than the red portion, and 
thus arises the peculiar form of the coagulum of inflamed blood. 
The cause of the unequal contraction of the two parts of the crassa- 
mentum is, that in the lower portion the fibrin is kept mechanically 
extended, as it were, by the red particles which it contains, while 
in the upper there are none of these bodies to prevent its close con¬ 
traction. It must, however, be understood that fibrin is present and 
coagulates in all parts of the clot. The formation of a bufl’y coat 
may always be predicted before coagulation; for the subsidence of 
the red particles being a necessary condition, the surface of the blood 
is observed to become first transparent, and afterwards to acquire 
an opaline aspect. Mr. Hewson and Dr. B. Babington* have shown 
that the colourless fluid which produces this appearance can be re¬ 
moved with a spoon, and that it afterwards coagulates. This fact 
I have seen verified on the blood of a pregnant woman. 

Cause of the huffy coat .—This peculiarity of the blood under cer¬ 
tain circumstances, namely, the subsidence of the red particles to a 
certain extent before coagulation, might be supposed to depend on 
diminished specific gravity of the serum, were it not that the serum 
of inflammatory blood has the same specific gravity as that of healthy 
blood. The fact that inflammatory blood ordinarily coagulates more 
slowly than healthy blood may in some measure explain the pheno¬ 
menon; for it may be imagined that the red particles have, on that 
account,sufficient time to subside before the fibrin coagulates. This 
was the view that Hewson took of the formation of the buffy coat. 
To ascertain the correctness of this mode of explaining the pheno¬ 
menon, I instituted a series of experiments with different kinds of 
blood. Among other confirmatory results, I found that by merely 
retarding the coagulation, I was able to give rise to the process by 
which the inflammatory crust is formed; the only difference being, 
that the fibrin which formed the artificial crust was softer and more 
glutinous; which depended, perhaps, on some chemical change 
effected by the carbonate of potash. There is another cause, for the 
greater firmness of the inflammatory crust; it is, that inflammatory 
blood contains more fibrin than healthy blood,—a fact which Sir C. 
Scudamore ascertained. It is difficult to say why the red particles 
should begin to subside in healthy blood as soon as it is drawn from 
the body, and yet sink so very slowly in blood deprived of its fibrin, 
even though it be inflammatory. The relative specific gravity of 
the serum and liquor sanguinis cannot be the cause; for the blood 
when deprived of its fibrin is specifically lighter than it was before. 
It may be that there is less adhesion exerted between the red particles 
and the liquor sanguinis, which still holds the fibrin in solution, than 
between the red particles and the serum without the fibrin. 


* Medico-chirurgical Transact, vol. xvi. p. 11. 
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Dr. J. Davy has observed, that inflammatory blood, in some in¬ 
stances, does not coagulate more slowly than healthy blood; and 
since the presence of fibrin in the blood appears from the above- 
mentioned experiments to favour the subsidence of the red particles, 
the formation of the buffy coat in these cases may arise from the 
blood containing a greater quantity of fibrin. So that the principal 
causes of the subsidence of the red particles and formation of the 
buffy coat in inflammatory blood appear to be its slow coagulation 
and the increased quantity of fibrin which it contains. The forma¬ 
tion of a loose crust on the crassamentum in cases where we suspect 
a commencing disorganisation or decomposition of the blood, rather 
than the presence of an increased quantity of fibrin, is sufficiently 
explained by the slow coagulation of such blood.* For the chemical 
characters of the fibrin, the reader is referred to Book I. p. 98-100. 

OF THE SERUM. 

The fluid which remains after the coagulation and contraction of 
the fibrin of the blood, is called the serum; and, as we have before 
remarked, must not be confounded with the liquor sanguinis. It 
is yellowish, has a saline taste, a specific gravity of 1-027 to 1-329, 
and in the higher animals, a distinct alkaline reaction. When ex¬ 
posed to a temperature between 158° and 167° Fahr., whether in 
vacuo or in the atmosphere, it is converted into a gelatinous mass by 
the coagulation of the albumen, which is its most essential compo¬ 
nent. It contains, also, a free alkali,—soda, (potash, likewise, ac¬ 
cording to Berzelius,)—probably combined with albumen and salts 
of these bases. We are indebted to Prevost and Dumas for a table, 
showing the proportional quantity of the solid components of the 
serum and the other ingredients of the blood in different animals. 
From this table it appears, that in the serum of human blood about 
one-tenth part in weight consists of solid ingredients in solution, the 
chief of which is albumen; and that this relative proportion is pretty 
nearly maintained even as low in the animal scale as fishes: while the 
proportional quantity of the coagulum, fibrin, and red particles in 
the blood, is less in fishes and amphibia than in the higher classes.t 
The proportion of the solid parts of the crassamentum to those of the 
serum in human blood is as 12-92 to 8-69, or about 3 to 2. The 
blood of carnivorous animals yields more crassamentum than that 
of herbivorous animals. Dr. Davy states, that the blood of the lamb 
affords a softer and less abundant coagulum than the blood of the 
full-grown sheep. I have verified Fourcroy's statement, that the 
coagulum of fcetal blood is softer than that of the blood of the adult 
animal. From Berthold’sf experiments it appears that the quantity 
of fibrin in the blood of cold-blooded animals, is as great as in that 

* On the subject of the inflammatory or buffy coat, consult H. Nasse, Das Blut. 
Bpnn, 1836. 

t The exception in the tortoise in the table of MM. Prevost and Dumas, has 
been shown by Mr. J. Marshall’s experiments not to exist. 

Beitrage zur Anat. Zool. und Physiol. Gdtt. 1831. 
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of warm-blooded animals, while the colouring matter is less in 
quantity. 

If serum is exposed to a temperature not lower than 75° R. [167° 
Fahr.] it coagulates into a solid mass, which consists principally of 
albumen. From this mass exudes a brown fluid, the “ serosity,’’ 
which, according to Gmelin, is rendered turbid by the addition of 
acids, and becomes somewhat gelatinous on cooling. The com¬ 
ponents of this fluid, according to the same chemist, are, besides 
albumen held in solution by an alkali,* casein, salivin, osmazome, 
and salts of soda and potash. The casein was found by Gmelin 
and Geigert, in another experiment, in the blood of the ox also. 
Serum of the blood of that animal, from which the fibrin had been 
removed by stirring, having been boiled for a considerable time with 
alcohol, the fluid obtained from it by filtering deposited in cooling 
copious flakes, which consisted of casein mixed with ammonia and 
cholesterine. 

If serum be completely coagulated by the action of heat, the co- 
agulum dried, and then treated with boiling water, and the residuum 
left on evaporating the solution thus obtained afterwards acted on 
repeatedly with alcohol, the alcohol will be found to take up lactate 
of soda, chlorides of potassium and sodium, and osmazome; while 
the substance, which neither the boiling water nor alcohol dissolves, 
is pure albumen. The animal matters of the serum are, therefore, 
salivin, casein, lactic acid, osmazome, and albumen. 

1. Salivary matter or Salivin .—This substance, which derives 
its name from the saliva, is not peculiar to it; but is found in various 
other secretions, in the fluid effused in several dropsical affections, 
and in that of the vesicle excited by plaster of cantharides. It is 
soluble in water, both warm and cold, but insoluble in alcohol; is 
precipitated neither by the metallic salts nor by strong acids, and its 
solution is not rendered turbid, or only in a slight degree, by infusion 
of galls. 

2. Casein occurs in great abundance in milk; and, according to 
Gmelin, in smaller quantity in the pancreatic secretion and in the 
bile. It is soluble both in hot and in cold water; is slightly soluble 
in cold, but more so in hot alcohol; and is precipitated by muriate of 
tin, acetate of lead, bi-chloride of mercury, and infusion of galls. 
Acetic acid and the mineral acids precipitate it; but added in excess, 
redissolve it. It is precipitated by alum, and not redissolved by an 
excess of that reagent. The acid solution of casein is like the albu¬ 
minous class of substances precipitated by ferrocyanuret of potassium. 
The precipitates of casein by acids and alcohol are again soluble in 
water, a character which distinguishes casein from albumen. The 
coagulation by the digestive principle or pepsin contained in the 
fourth stomach of the ruminantia, and in the stomach of other ani¬ 
mals, is also characteristic of casein. The precipitate by pepsin is 
not soluble in water. 

* Mr. Brande also found albumen in the serosity, while Dr. Bostock maintains 
that the only animal matter contained in that fluid is osmazome. See Bostock’s 
Physiology, p. 292; 3d edition. 
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3. Lactic acid. —This acid is composed of carbon, hydrogen, and 
oxygen; it has some analogy with acetic acid, but according to Ber¬ 
zelius is quite distinct from it. It forms with bases, salts of peculiar 
form, which Berzelius says, are not produced by acetic acid rendered 
impure by animal matter. Pure lactic acid, prepared by the method 
most recently described by Berzelius, is colourless, without smell, 
and has a pungent acid taste, which is very quickly diminished by 
the addition of water. It is soluble in alcohol in all proportions, while 
ether dissolves it in small quantity only. It is found in muscle and 
in the crystalline lens; and, with its salts, occurs in many secretions, 
particularly in the milk. Lactic acid and its salts, are always com¬ 
bined with osmazome, and are extracted together with it by alcohol, 
but can be separated from it by means of infusion of galls, which 
precipitates the osmazome. 

Osmazome, albumen, and the fatty matter of the blood, have been 
already described in book first, under the head of Component Proxi¬ 
mate Principles of the Tissues. 

Composition of the blood in the different sexes, ages, and 
TEMPERAMENTS.—This inquiry, originated by Lecanu, constitutes 
a new epoch in this department of Physiological Chemistry. Lecanu^ 
seems to have made an extraordinary number of observations, and 
to have compared them with accuracy. He found the quantity of 
water in 1000 parts of blood to vary from 778-625 to 853-135, the 
average being 815-880. In the female it varied from 790-394 to 
853-135; in the male, from 778-625 to 805-26. So that the blood of 
the female contains the greater proportion of water. This was the 
result also of Denis’s experiments, of which twenty-four were made 
on men, and twenty-eight on women. The latter author found the 
proportion of water in man to vary from 805 to 732; in woman, 
from 848 to 750: the mean proportion of the two being as 767 to 
787. The quantity of water in the blood, according to Lecanu, bears 
no determined relation to the period of life; Denis, however, found 
its proportion greater in children and aged persons. With respect to 
the temperaments, Lecanu found that, in the sanguine temperament, 
the blood contains less water than it does in the lymphatic. In 
women of sanguine temperament, the proportion of water in four 
experiments varied from 790-394 to 796-175 in 1000 parts of blood; 
in women of phlegmatic temperament, it was found as the result of 
five experiments to vary from 790-840 to 827-130. The average in 
women of sanguine temperament was therefore 793-007; in those 
of the phlegmatic 803-710. From similar observations on men, the 
average for those of the sanguine temperament of this sex was found 
to be 786-584; for those of the phlegmatic, 800-566. Thus, in the 
female sex, the excess of water in the phlegmatic temperament is 
10-703; in the male it is 13-982. 

The proportional quantity of albumen varies in general from 
57-890 to 78-270, and is nearly equal in the two sexes; it does not 
vary in any determinate degree between the ages of twenty and 

* Beitrage zur Anat. Zool. und Physiol. Gdtt. 1831. 
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sixty, nor is there any striking difference in its quantity in the dif¬ 
ferent temperaments. 

The quantity of crassamentum in 1000 parts of blood varies gene¬ 
rally from 68-349 to 148*450, the average being 108*399. In men 
it varies from 115-850 to 148*450, in women from 68*349 to 129*990; 
so that, according to Lecanu, the blood of men contains, in 1000 
parts, about 32*980 parts more of the components of the crassamen¬ 
tum than the blood of women. The quantity of the coagulum does 
not appear to increase proportionally with the age, at least not be¬ 
tween the ages of 20 and 60 years; but it is greater in the sanguine 
than in the phlegmatic temperament—a result which agrees with 
Denis’s observation. In four observations on women of sanguine 
temperament, the proportion of coagulum in 1000 parts of blood, 
varied from 121*720 to 129*654; in five observations on women of 
phlegmatic temperament, from 92*670 to 129*990; the average in 
women of sanguine temperament being 126*174, in those of the 
phlegmatic 117*300,—making a difference of 8-874 between the 
temperaments. In men of the sanguine temperament the proportion 
of coagulum, in five observations, varied from 121*540 to 148*450; 
in those of the phlegmatic temperament, in two observations, it was 
115*150 and 117*484. 

During menstruation Lecanu found that the blood contained less 
coagulum. 


CHAPTER II. 

Electric Properties of the Blood. 

Ddtrochet has made some ingenious experiments respecting the 
action of galvanism on animal substances. He even flattered him¬ 
self that he had formed muscular fibres from albumen by the agency 
of galvanism, and^upposed that the red particles of the blood formed 
each a pair of plates, the nucleus being negative, the envelope posi¬ 
tive.* But all the appearances which he has attributed to different 
electric properties of the blood, are explicable by the precipitation 
of the albumen, colouring matter, and fibrin in consequence of the 
decomposition of the salts of the serum, and of the oxidation of the 
copper wire used in the experiments,—both the decomposition of 
the salts and the oxidation of the copper being the usual effects of 
galvanic action.t 

* Annal. des Sc. Nat. 1831.—Froriep. Notiz. 716. 

f Brief reference has been already made (p. 73) to Bellingeri’s assertion re¬ 
specting the alleged electric properties of the blood. 
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CHAPTER III. 

OF THE ORGANIC PROPERTIES AND RELATIONS OF THE BLOOD. 

a. The Vivifying Influence of the Blood. 

The arterial blood in its course through the capillary vessels of 
the body, loses its bright red colour, and becomes again venous. 
The reciprocal action between the blood and the organised matter, by 
which this change is effected and maintains the vitality of the organs, 
at the same time that it renders the blood incapable of again exer¬ 
cising this necessary vital stimulus until it has regained its arterial 
character in the lungs is, unknown. In the process of arterialisation, 
the blood absorbs oxygen from the atmosphere, and gives out car¬ 
bonic acid,—the oxygen which it absorbs being in greater quantity 
than the carbonic acid exhaled. The same portion of blood acquires 
and again loses its arterial properties within the period of a few 
minutes; for it will be shown at a future page, that the blood circu¬ 
lates through the whole body in that space of time. It is only while 
in its arterial state that the blood is capable of maintaining life. The 
suppression of the change which the blood undergoes in the lungs 
produces asphyxia and death, chiefly, as Bichat has shown, by inter¬ 
rupting the functions of the brain and nervous system. The neces¬ 
sity for arterial blood is less urgent, however, in new-born children, 
and still less so during the state of hybernation and torpor, and in 
the lower animals; in the foetus of the Mammalia the necessity for 
the aeration of the blood seems to be wholly wanting. The functions 
most dependent on the arterial state of the blood, are those of the 
nervous system, and those of animal life generally. This is evi¬ 
denced by the symptoms of the morbus coeruleus, in which the 
two kinds of blood, owing to some defect in the circulating organs, 
—for instance, a persistence of the canal in the ductus arteriosus^ or 
of the foramen ovale, —continue to be partly mixed. Nutrition and 
secretion are here little interfered with, even although the surface 
is dusky and bluish: but the muscular power fails; the slightest 
exertions bring on symptoms of suffocation, fainting, and even 
asphyxia; the sexual passion is not developed, the temperature is 
lower than natural, and there is a tendency to hemorrhage, even to 
a fatal extent.* That arterial blood is not so necessary for the per¬ 
formance of the functions of organic life is moreover deducible from 
the, fact that secretions are, in some cases, formed by organs which 
receive a much larger quantity of venous than of arterial blood. 
Thus the bile is secreted in part from the blood of the vena porta, 
the urine in reptiles and fishes in greater part from the venous blood 

* Consult Nasse’s remarks on the influence of arterial blood on the develop¬ 
ment and functions of the human body, founded on cases of the morbus coeruleus. 
—Reil, Archiv. t. x. p. 213. 
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which in these animals is carried to the kidneys by afferent veins 
independent of the arteries, and of the efferent veins that return the 
blood to the heart. 

The application of a ligature to all the arterial trunks of a limb 
deprives it of power of motion, and at last of vitality. Sir A. 
Cooper has shown* that rabbits may be killed instantaneously by 
exciting pressure upon the vertebral arteries and carotids simul¬ 
taneously, so as to cut off the supply of arterial blood to the brain. 
Great losses of blood produce immediate asphyxia in the higher 
animals: cold-blooded animals, however, survive for a considerable 
time the abstraction of the greater part of their blood, and frogs live 
many hours even after the removal of the heart, and retain perfect 
power of motion. But even parts which have been removed from 
the body, and have lost their irritability, appear to recover in some 
degree their vitality by immersion in blood, as in the case of the 
heart of the frog in Von Humboldt’s experiments; and the motion 
of the microscopic cilia on portions of mucous membranes separated 
from the body is, according to the observation of Purkinje and 
Valentin, maintained longest by immersion in blood. 

Transfusion of blood .—Prevost and Dumas showed that the 
vivifying power of the blood does not reside so much in the serum 
as in the red particles. An animal bled to syncope, is not revived 
by the injection of water or pure serum of a temperature of 68° Fahr. 
into its vessels. But if blood of another of the same species is used, 
the animal seems to acquire fresh life at every stroke of the piston, 
and is at last restored. Professor Dieffenbach has confirmed these 
experiments. It is stated by Prevost and Dumas, and Dieffenbach, 
and also by Dr. Bischoff,t that revival takes place likewise when 
the blood injected has been previously deprived of its fibrin. I have 
shown that the red particles of the blood remain perfectly unchanged 
after the removal of the fibrin; blood, therefore, from which the 
fibrin has been removed, and heated to the proper temperature, 
ought to be preferred in a few cases where transfusion of blood in 
the human subject is justifiable, or necessary, on account of hemor¬ 
rhage; for in this state the blood is completely fluid and remains so, 
and thus the principal difficulty of transfusion,—namely, the coagu¬ 
lation of the blood while it is being transferred from one animal to 
the other,—is avoided. Blood of animals of a different genus, of 
which the corpuscules, though of the same form, have a different 
size, effect an imperfect restoration, and the animal generally dies 
within the period of six days. The pulse becomes quicker; the 
breathing remains natural, though the temperature sinks verj?’ 
rapidly; the excretions are mucous and bloody; while the cerebral 
functions seem to be unaffected. 

The injection of blood with circular corpuscules into the vessels of 
a bird (of which the corpuscules are elliptic and of larger size), pro¬ 
duces violent symptoms similar to those of the strongest poisons, and 

* Guy, Hospital Reports, vol. i. 

f Miilier, Archiv. 1835, p. 347. 
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generally death, which ensues, indeed, instantaneously, even when 
a small quantity only of the blood has been injected; such, for ex¬ 
ample, was the effect of the transfusion of some blood of the sheep 
into the veins of a duck. The results which Dr. BischofF obtained 
in his experiments differed from those of former observers, in the 
circumstance that he found no ill effect from the injection of the blood 
of mammalia into the veins of birds if he had previously deprived 
it of its fibrin. But even blood thus prepared was poisonous to 
frogs, particularly human blood: the blood of quadrupeds and birds 
was less violent in its action; that of fishes seemed to have little ill 
effect. The transfusion of the blood of man, mammalia, or birds 
into the veins of the frog was always followed by death, generally 
in the space of a few hours. The circulation was in all cases much 
enfeebled. After death there were found exudations of serum mixed 
with red particles both of the blood injected and of that of the frog 
itself.* * * § According to later experiments of Dr. BischofF,t it is the 
venous blood only of mammalia which is poisonous to birds; arte¬ 
rial blood of a mammiferous animal injected into the. vessels of a 
hen, produced no ill effect, while a few drops of venous blood were 
immediately fatal. 

An incautious injection of air into the veins and blood of a living 
animal is almost immediately fatal, by obstructing the circulation in 
the small vessels, and in the heart. Nevertheless, in Nysten’s ex¬ 
periments, very small quantities, not only of atmospheric air and 
oxygen, but even of irrespirable gases, such as nitrogen, nitrous 
oxide, hydrogen, carburetled hydrogen, carbonic acid, and carbonic 
oxide, were injected into the vessels without fatal consequences. 
Nitric oxide gas, sulphuretted hydrogen, ammonia, and chlorine, 
were the only gases which he found to be absolutely deadly.f; Re¬ 
cent experiments§ have confirmed the observation, that the injection 
of a considerable quantity of atmospheric air is required for the pro¬ 
duction of death in horses and dogs, and that the fatal result is, in 
these animals, by no means so instantaneous as it has been in the 
human subject, when, during operations, air has gained entrance into 
the veins. The insufflation of respired air seems to be more quickly 
fatal than the injection of fresh atmospheric air. The most probable 
cause of death, when it follows the injection of a large quantity of 
air, is apparently paralysis of the right cavities of the heart, which 
in nearly all the experiments have been found distended by frothy 
blood, or unmixed air, while the left cavities of the heart generally 
contained no air. Mr. Blakej] has ascertained that certain salts in- 

* Compare Die Transfusion des Blutse, von Dieffenbach. Berlin, 1828. 

t [Muller’s Archiv. 1838, p. 352.] 

Nysten, Recherches de Physiol, et de Chim. Pathol. Paris, 1811. 

§ See Rapport sur les Exp6riences relatives a I’introduction de Pair dans les 
veines, faites par M. Amussat.—^Bulletin de I’Acad. de Medecine, t. ii. No. xii.— 
Velpeau, Gazette Medicale, Feb. 29, 1838.—Dr. Cormack, on the presence of air 
in the organs of circulation. Edinb. 1837.—Also an able review of these works 
in Dr. Forbes’s British and Foreign Medical Review, No. xii. 

II See the Medical Gazette, July 29, 1839, and the Edinb. Med. and Sur. Jour¬ 
nal for April, 1839. 
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jected into the veins, cause death very quickly by arresting the 
heart’s action: such seemed to be the mode of action of salts of pot¬ 
ash, ammonia, baryta, lime, and magnesia, while the salts of soda 
produced death with equal rapidity by obstructing the circulation 
through the lungs. 

h. Evidences of life in the blood itself 

Automatic movements of the blood-corpuscules. —It is beyond 
dispute that the blood must be regarded as a living fluid, but hitherto 
observers have failed to detect a vital act in it as a visible phenome¬ 
non. Professor C. H. Schultz has spoken of an active vital process 
which can be seen to be constantly going on, between the individual 
molecules of the blood and the substance of the vessels, by which 
new globules are formed, while the old are lost.* * * § More recently 
Professor Schultz has stated more definitely that the blood particles 
themselves do not move, and that the flickering vibratory motion 
(which is seen when the circulation in transparent parts is viewed 
by the direct light of the sun) is due to the fluid part of the blood. 
This oscillatory motion is visible, according to Schultz, in the smallest 
capillaries, even when they contain no red particles.t These observa¬ 
tions are quite opposed to the experience of other observers, while 
Rudolphi, Purkinje, and Koch, with Meyen, and myself, all agree as 
to the true explanation of the appearance which Schultz calls a vital 
movement of the blood. When the circulation of the blood is viewed 
in transparent parts by bright daylight, (not by the direct rays of the 
sun, which produce a dazzling but very confused illumination, from 
their being refracted by the transparent animal structures,) there is not 
the slightest appearance of spontaneous independent motion of the 
individual red particles, of attraction and repulsion of them, or of the 
minute molecules of liquor sanguinis. If, however, the direct rays 
of the sun are allowed to shine through a transparent part, the dis¬ 
tinctness of the image is entirely lost, owing to the refraction of light 
which is produced by the inequalities of the surface, as well as by 
the red particles, which act as so many little lenses; the observer no 
longer perceives the red particles flowing through the vessels, but 
there is a general, sparkling, flickering motion, in which frequently 
even the direction of the current is not distinguishable. The same 
deception of vision is produced, when a fluid containing globules— 
milk, for example—is viewed while flowing over the surface of a 
glass under the microscope, by the direct rays of the sun; and even 
clear water flowing over the surface of ground glass has, by a simi¬ 
lar light, the same appearance.^: The granular substance of the 
animal tissues may be compared to the surface of ground glass. 

The notion of Eber and Mayer,§ that the red particles are infusory 
animals, is still less admissible. The theory which ascribes to the 

* C. H. Schultz, der Lebensprocess itn Blute. Berlin, 1822. 

■f C. H. Schultz, das system der circulation. Stuttgart. 1836, p. 74. 

X Meyen, Isis, 1828, 394, and the review by an anonymous writer—Isis, 1824, 
3—are especially worthy of being consulted on this subject. 

§ Mayer, Suppleraente zur Lehre vom Krieslauf. Bonn. 1827. 
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blood a self-propelling power—a power of motion, which continues 
when the heart has ceased to act—will be considered in treating of 
circulation in the capillaries. 

Treviranus, Mayer, and others have regarded, as an automatic 
movement, that confused motion of the globules which is seen to 
continue for several seconds in a drop of blood placed on a glass 
under the microscope. The fallacy of this opinion is, however, com¬ 
pletely proved by the fact, that these momentary whirling motions 
can be seen in blood which has been long removed from the body. 
Thus, for example, in a drop of frog’s blood which has been taken 
from the animal twelve or twenty-four hours, and from which the 
fibrin has been removed, we can distinguish by means of the micro¬ 
scope the same motions of the red particles as in fresh blood; they 
cannot, therefore, be dependent on vitality. In the blood of warm¬ 
blooded animals such motions may also arise from evaporation. It 
is probable, likewise, that the slight, but sometimes rapid, change of 
form which every drop of fluid spread on a gla§s plate undergoes at 
the edges, has considerable influence on these motions. That blood- 
corpuscules lying near the surface of ciliated membranes, such as 
the mucous membranes of the generative and respiratory organs, 
are like all other small bodies thrown into motion, is easily intel¬ 
ligible. 

Motion in blood during its coagulation. —Heidmann* has de¬ 
scribed contractions and dilatations which he has observed in the 
blood during coagulation. I have myself, however, been able to 
detect no dilatation, and no other contraction than the gradual im¬ 
perceptible contraction of the coagulated fibrin. The contractions 
which Tourdes and Circaud described as produced in the fibrin by 
galvanism have been proved, even by Heidmann himself, not to 
exist, and I certainly saw nothing of the kind in galvanising the 
liquor sanguinis of the frog’s blood. 

Is the blood endowed with life ?—The question whether the blood 
is a living fluid or not, calls to mind a critical state of our science. 
Everything which evidences an action that cannot be explained 
by the laws of inorganic matter, is said to have an organic, or, what 
is the same thing, a vital property. To regard only the solids of 
the body as living is incorrect, for there are strictly no organic solids; 
in nearly all, water constitutes four-fifths of their weight. Although 
then organic matter generally be considered as merely “susceptible of 
life,” and the organised parts as “living,” yet the blood also must 
be regarded as endowed with life, for its actions cannot certainly be 
comprehended by chemical and physical laws. The semen is not 
merely a stimulus for the fructification of the egg, for it impregnates 
the eggs of the batrachia and fishes out of the body; and the form, 
endowments, and even tendencies to disease of the father, are trans¬ 
ferred to the new individual: the semen, therefore, although a fluid, 
is evidently endowed with life, and is capable of impartiag life to 
other matter. The germinal membrane is a completely unorganised 


* Reil, Archiv. vi. 425. 
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aggregation of animal matter, and nevertheless is animated with the 
whole organising power of the future being, and is capable of im¬ 
parting life to new matter, although soft and nearly allied to a fluid. 
The blood also manifests organic properties; it is attracted by living 
organs which are acted on by vital stimuli; there subsists between 
the blood and the organised parts a reciprocal vital action, in which 
the blood has as large a share as the organs in which it circulates. 
The fibrin of the blood effused in inflammation is at first fluid, and 
forms, as it becomes solid, pseudo-membranes, which afterwards, by 
means of a mutual vital action exerted between them and the organs 
by which they are poured out, become organised and traversed by 
blood and vessels. The blood itself has, therefore, the properties of 
life, and this is the case with all the animal fluids except those 
which are the means of carrying out of the body the effete material, 
such as the urine and carbonic acid. The saliva and the bile exert 
an assimilating action on the food, the different organs perform the 
same functions with regard to the blood, and here there is no clearly 
defined limit between substances capable of life and those endowed 
with it. Those organic substances, however, in which life is least 
evident, remain susceptible of life as long as they are not chemically 
changed. 

c. Formation of the Blood. 

The materials for the formation of the blood are the lymph and 
chyle. The former fluid yields the nutritive matters taken up from 
the intimate structure of the organic body; the latter, those absorbed 
from the intestinal canal. Both are poured into the blood by the 
thoracic duct. The lymph and chyle contain albumen and fibrin in 
solution, but these substances are in less proportion in them than in 
the blood. The lymph has so great a resemblance to the liquor san¬ 
guinis, that the latter fluid may be correctly termed the lymph of 
the blood, while the blood may be regarded as lymph with red par¬ 
ticles, or the lymph as blood without red particles. The chyme or 
digested food in the intestines contains albumen in solution, but no 
coagulating fibrin; the latter substance is formed in the absorbent 
system, and thence is poured into the blood. It is a remarkable 
fact, which I have observed to be nearly constant, that in frogs kept 
long without food, the blood frequently loses its property of coagu¬ 
lation, and that in these cases the lymph, which usually coagulates 
quickly like the blood, also does not coagulate. In winter, however, 
the blood of the frog often coagulates, although not completely; and 
here, as in all cases where the blood of this animal does not coagu¬ 
late perfectly, the coagulation of the lymph is also not so firm. 
Lymph and chyle contain somewhat less solid matter than the blood, 
and especially less fibrin. Chyle is less distinctly alkaline than the 
blood. There is a certain quantity of uncombined fat in the chyle, 
which appears to become more intimately combined in the blood. 
Iron also is in a state of less intimate combination than in the blood, 
and can be detected, according to Emmert, by adding tincture of galls 
to chyle previously treated with nitric acid. 
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Aiitenrieth supposes that the chyle poured into the circulation, is 
converted into blood in the course of ten or twelve hours, because 
within this period the serum is frequently observed to be milky. It 
is probable, however, that the change is effected still more slowly; 
for, as I have already remarked, when the coagulation of the blood 
is retarded by the addition of sub-carbonate of potash, the super¬ 
natant fluid from which the red particles have subsided is often 
somewhat turbid and milky. 

Origin of the red particles .—The scanty globules of lymph ob¬ 
tained from the lymph cavities under the skin of the frog are only 
about one-fourth of the size of the blood particles of that animal; 
while from the elliptical nuclei of the latter bodies they differ in their 
form, being spherical, and for the same reason they are still more 
unlike the very elongated nuclei of the red particles of the salaman¬ 
der’s blood. Were it not for these differences, we might suppose 
the lymph globules to be the nuclei of future blood corpuscules, 
more especially as bodies exactly similar to them, and evidently 
identical with them, are found, mingled with the red particles, in 
the blood. The globules of the chyle of the higher vertebrata differ 
still more than these lymph globules from the red particles of their 
blood. It is exceedingly probable, however, that the lymph globules 
are the cells which afterwards become the red particles of the blood 
in an early stage of their development; just as the roundish cells of 
the rete mucosum. as observed by Henle, are an early form of the 
epidermis scales. It will be shown hereafter, that the lymph glo¬ 
bules of the frog contain a nucleus; that this nucleus is apparently 
first formed, and that the cell or exterior part of the globule is after¬ 
wards developed around it and gradually enlarges, while the size of 
the nucleus remains the same. This corresponds exactly with the 
mode of formation of the primary cells of the epidermis and other 
tissues, in the manner already explained in Book First. The iden¬ 
tity of the colourless spherical bodies with the globules of the lymph 
can scarcely be doubted; it only remains, therefore, to. demonstrate,, 
that the flattened and elliptical blood corpuscules are formed from 
them by the flattening and extension of the cell surrounding their 
nucleus, as the analogy of the process of development of the other 
organic elements of the body would lead us to suppose. It must be 
confessed that this is not yet absolutely certain, though there are 
several circumstances strongly corroborative of the opinion, such as 
the similarity of size between the nuclei of the lymph globules and 
those of the red particles, the presence in the blood of the frog of red 
particles smaller, more circular, and less flattened than the rest, and 
lastly, the fact observed by M. Schultz, that in the blood of the 
elephant there are bodies of various form, apparently representing 
states of transition between the colourless globule and the flattened 
red particle. That such intermediate forms are not more frequently 
seen may be accounted for, by supposing that the transformation of 
the globule into the disk takes place very rapidly at the same time 
that the red colour is acquired. The transformation of the round 
cells of the epidermis into the broad flat scales must, according to 
15 
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the observation of Schwann,^ be very rapid, for in the embryo of 
the pig he could detect no forms intermediate between them. Ac¬ 
cording to the observation of Prof. Weber, indeed, the red particles 
of the blood circulating in the capillaries under certain circumstances 
reassume for a time the globular form and colourless appearance of 
lymph globules. (See the account of the circulation in the capilla¬ 
ries.) 

In what part of the system the red colouring matter or envelope 
of the red particles of the blood is produced, is quite unknown; it is 
not present in the chyle and lymph, a slight trace of it only being 
sometimes discoverable in the thoracic duct. Respiration seems to 
have a share in its production. Hewson’s hypothesis, that the red 
colouring matter is formed in the spleen and in the lymph of the 
spleen, which is sometimes of a dirty red colour, is without founda¬ 
tion; the spleen having been extirpated from living animals without 
bad consequences. 

Formation of the blood in the ovum. —In the incubated egg the 
sole material for the first formation of the blood, is the substance of 
the germ or germinal membrane, which itself grows by assimilation 
of the fluid of the egg, or the yolk. It may be distinctly observed, 
that the blood is generated in the germinal membrane before the 
vessels and glands are formed, which in the adult have some influ¬ 
ence on the formation of the blood. The germinal membrane, at 
first simple, is after a short time found to consist of an upper, thinner, 
or serous layer, and an under, thicker, or mucous layer. Around 
the first trace of the embryo, which is visible in the centre of the 
germinal membrane, a transparent space, or area pellucida, is 
fbrmed, while the part of the germinal membrane nearer the circum¬ 
ference remains opaque, and this opaque portion again is soon 
divided by a line of separation into an outer and inner space. These 
changes take place in the ova of birds, during the first sixteen or 
twenty hours.t That part of the opaque portion of the germinal 
membrane which is immediately within the line of separation above- 
mentioned, and which surrounds the innermost portion or trans¬ 
parent area, is called the area vasculosa, because within it the blood 
and vessels are formed. As far as the area vasculosa extends 
there is found between the two layers of the germinal membrane a 
granular deposit, which soon becomes arranged in dense granular 
islets, separated by transparent interspaces; and in these interspaces 
first a yellowish, afterwards a red fluid,—the blood,—collects. The 
presence of blood is first distinctly observable in the periphery of the 
area vasculosa. 

In the bird, the red particles of the blood for the first few days 
after its appearance in the germinal membrane, are, according to 
Prevost and Dumas, round, and do not begin to assume the elliptic 
form before the sixth day; on the ninth day they are all elliptic.f 
Hewson, Schmidt,§ and Doellinger, have made a similar observation. 

* Slructur und Wachsthum der Thiere und Pdanzen, p. 86. 

f Von Baer; de ovi Maminalium genesi. 

Froriep, Notiz. 175. 

§ Uber die Blutkdrner. Wurzburg, 1832. 
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The same fact has been observed also by Baumgartner* * * § in reptiles 
and fishes, and by E. H. Webert in the tadpole. 

Baumgartner describes the formation of the red particles of the 
blood in the following manner:—The corpuscules, he says, are at first 
not elliptic or flattened, but globules composed of a number of smaller 
globules similar to those of the yolk of the egg; they gradually be¬ 
come transparent, and at the same time this granular state disappears; 
the transparent ring is then developed, and the nucleus formed. The 
elliptic form is gradually assumed. Weber also describes the cor¬ 
puscules of the blood in very young tadpoles to be composed of 
several smaller granules. Baumgartner supposes that the smaller 
gr§inules here mentioned are derived from the yolk. Another mode 
in which Doellingerf and Baumgartner imagine the red particles of 
the blood to be formed, both in young and adult animals, is the sepa¬ 
ration of particles from the parenchyma. According to Schultz,§ 
the blood-corpuscules are formed in the germinal membrane of the 
chick, by the development of a delicate membranous vesicle around 
a globule of the yolk, and by the subsequent extension and flattening 
of this vesicle. 

It is evident that in the embryo the blood is formed from the sub¬ 
stance of the germinal membrane, which assimilates to itself the 
fluids of the egg, and that no particular organ is then required; for 
at that period no organs, such as intestinal canal, liver, spleen, or 
lungs, exist. This fact teaches us that we must not expect to dis¬ 
cover the process of the formation of the blood and its red particles 
(from the globules of the chyle?) in any special organs of the adult 
animal; indeed, it is very probable that in the adult the chyle is 
converted into blood under the influence of the same general vital 
conditions which are in action in the incubated egg. 

Jlction of respiration in the production of blood .—Respiration 
seems to have an essential share in the process, inasmuch as even in 
the incubated egg the influence of atmospheric air, and in aquatic 
animals that of water containing air, seems to be quite necessary for 
the development of the embryo, and the air in these cases suffers the 
changes which ordinarily take place in respiration. In the foetus of 
mammalia there is, however, even at a later period, no distinct dif¬ 
ference between arterial and venous blood, and the want of respira¬ 
tion is supplied by a process of another kind, which is maintained by 
means of the union of the ovum with the uterus, but of which the 
nature is unknown. 

Perhaps respiration is not more immediately necessary for the 
formation of the colouring matter than for the maintenance of life. 
That the blood during respiration undergoes a change necessary to 
the preservation of life, is proved by death occurring whenever this 
function is interrupted. The nature of the change, however,—the 

* Uber die Nerven und Das Blut. Freiburg, 1830. 

t Loc. cit. iv. 478. 

t Denkschr. der Acad, zu Miinchen, vii. 169. 

§ System der Circulation. Stuttgart, 1836. 
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influence which respiration has on the formation of the blood,— 
cannot be accurately determined; we have no means of ascertaining 
whether the blood would acquire its red colour and the other pro¬ 
perties connected with this colour,—whether any red particles would 
be developed,—if respiration were not performed. A very small 
portion only of the changes which take place in the passage of the 
blood through the lungs is recognisable, and that is the change of 
the dark red colour of the blood to a bright red, which during its 
passage through the capillary vessels of the body generally is recon¬ 
verted to a dark red. But unfortunately even here it is the change 
of colour only that we are acquainted with, and not the chemical 
change which accompanies it. 

The absorption of oxygen and the separation of carbonic acid are 
the causes to which arterial blood owes its property of being the sole 
stimulus of living structures. Venous blood which has not under¬ 
gone this change has a poisonous action on the organs of the body, 
particularly on the nervous system, and annihilates their irritability; 
its action being similar to that of carbonic acid, sulphuretted hydro¬ 
gen, carburetted hydrogen, and some other gases, by which the irri¬ 
tability of the organs of the body is destroyed, and by most of which 
the arterial blood is darkened in colour. Cuvier* supposes, indeed, 
that the arterial quality of the blood is diminished even during its 
course from the heart to the capillary vessels, by reason of some 
change of composition which it undergoes, and thus explains the 
inferior degree of vitality possessed by parts distant from the heart. 

Another difficulty which we are quite unable to solve is, whether 
the venous blood is incapable of supporting life from having lost 
something which arterial blood possesses, or from having suffered 
some noxious change in the combination of its elements, the natural 
combination being in the latter case again restored by respiration and 
the separation of the carbonic acid. It is very remarkable, however, 
that the venous blood of the embryo of mammalia, which, strictly 
speaking, does not respire, has not this poisonous influence; whether 
it is that the injurious quality cannot be developed until respiration, 
and the consequent reciprocal action of true arterial blood with the 
tissues take place, or that the want of respiration is supplied by the 
connection of the embryo with the mother. 

Since the blood is constantly throwing off carbon in the process of 
respiration, it might be thought that the relative proportion of nitro¬ 
gen in the body ought to increase. But this increase is not perma¬ 
nent; for an excess of that element is being constantly excreted from 
the body in the urea and uric acid of the urine, which are more 
highly azotised than any animal substance. 

The influence of the spleen, supra-renal capsules, and of the thy¬ 
roid and thymus glands on the formation of the blood, is not at all 
understood. 

Influence of the excretions on the formation of the blood .—The 
separation from the blood of certain matters which are afterwards 


* Verg. Anat. p. 147. Anatomie comparee. 
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eliminated from the animal economy, has a great share in preserving 
the normal composition of the circulating fluid. Some of the matters 
here alluded to have been introduced from without, and are either 
in themselves useless, or are in too abundant quantity. Of these, 
water is got rid of by exhalation from the lungs and skin and by the 
urine; the mineral substances are expelled chiefly by the urine; and 
matters containing an excess of carbon, nitrogen, oxygen, or hydro¬ 
gen, are eliminated in various ways:—the carbon by the lungs; com¬ 
binations containing much carbon and hydrogen by the liver; and 
those in which the nitrogen is abundant by the kidneys. Some sub¬ 
stances, also, that are newly formed in the body, being taken up into 
the blood, disturb its normal constitution, and must therefore be ex¬ 
creted from it. Such seem to be several of the matters contained in 
the urine. This shows how the proper composition of the blood 
when once established is maintained. 

Another question is, whether the separation of certain ingredients 
from the new nutritive matter which the blood derives from the 
food, contributes essentially to the original production of the normal 
composition of the blood. The lithic acid of the urine, which resem¬ 
bles urea in containing a greater proportion of nitrogen than any 
other organic substances,^ is derived without doubt, at least in part, 
from this source; for its quantity in the urine is increased by merely 
taking animal food, or substances containing a large proportion of 
nitrogen; and in the urine of herbivorous Mammalia it does not exist, 
being replaced by hippuric (urino-benzoic) acid. It is not yet known 
whether lithic acid pre-exists in the blood, and is merely separated 
from it by the kidneys, or whether it is first formed in the urinary 
organs; although under certain circumstances it is deposited from the 
blood in different parts, for instance, in the neighbourhood of joints, 
forming gouty concretions. 

Urea is not formed originally by the organs which excrete it,— 
namely, the kidneys; for Prevost, Dumas, Mayer,t Vauquelin and 
SegalasJ have shown that it can be detected in the blood when the 
kidneys have been extirpated, so that the cause of its not being 
found in healthy blood§ appears to be its excretion by the kidneys 
as fast as it is formed. On the third day after the extirpation of both 
kidneys, the following symptoms arise:—Brown, copious, very fluid 
evacuations from the intestines; vomiting, and fever, with the tem¬ 
perature elevated to 110° Fahr,, sometimes, however, depressed to 

* For the composition of urea and uric or lithic acid, see the Section on Secre¬ 
tion, chapter viii. 

t Tiedemann u Treviranus, Zeitschrift fiir Physiol. 2, 2, 278. 

if Biblioth. Univers. xviii. 208.—Meckel’s Archiv. viii. .325. 

§ Dr. Marchand has found that the solution of the alcoholic extract of serum of 
cow’s blood when mixed with chloride of sodium, causes that salt to crystallise 
in octahedrons instead of cubes. And since the property of thus modifying the 
form of crystallisation of common salt is, as far as we at present know, possessed 
by urea alone, he regards this fact as a nearly positive proof of the presence of that 
substance in healthy blood. When the kidneys are affected with Bright’s disease, 
the urea is excreted in diminished quantity, and is then always present in the 
blood (Christison), and in the dropsical effusions (Rayer and Marchand). 
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92° Fahr.; a small and quick pulse, rising to 200 beats in a minute; 
and frequent, short, and at last laboured breathing. Death ensues 
between the fifth and the ninth day. By some writers urea in the 
blood is supposed to be a useless compound, which has entered the 
circulation with the more necessary products of the conversion of 
food into blood; and, in support of this view, they cite the varying 
proportion of urea with the quality and quantity of animal food 
fotmd in the urine as the product of renal secretion from the blood. 
By others, urea is believed to be an effete product of the change of 
material constantly taking place in the organised parts of the body. 
The formation of urea by reptiles, which have fasted for months, 
and its presence in the urine of a madman who fasted eighteen days, 
and in the urine of herbivorous animals whose food contains very 
little nitrogen, and also in that of the carnivorous, as the dog, when 
fed for eight days on a diet of sugar perfectly free from nitrogen, 
favour this last opinion. It is the more probable one, from the cir¬ 
cumstance, also, that the lithic acid at least is formed in the embryo. 
It is found in the allantois not only of birds, but also of Mammalia; 
and the foetus of Mammalia, while in the uterus, does not respire in 
the proper sense of the word, and therefore has no arterial blood, 
although the want of respiration is supplied by its connection with 
the mother. Besides, the formation of the substances of which we 
are here speaking, commences extremely early in the embryo. 

By means of the skin the blood throws off lactic acid, lactate of 
ammonia, muriate of ammonia, and carbonic acid. Lactic acid, 
which also passes off by the urine, is, according to Berzelius, an uni¬ 
versal product of the spontaneous decomposition of animal matters 
within the living body; it is formed in great quantity in the muscles, 
is neutralised by the blood and its alkali, and separated in the kid¬ 
neys with acid urine. 

The important office which the bile performs in the assimilation 
of animal matters in the intestines is not well understood. The fact 
of its being poured, both in vertebrata and in mollusca, into that part 
of the canal where the formation of the chyme is completed, proves 
that it is not excrementitial merely; besides its most abundant com¬ 
ponent, picromel, has evidently some connection with the assimila¬ 
tion of the chyme, for it is not found in the fieces. Some, however, 
of the components of the bile are certainly excrementitious matters 
thrown off from the blood; and these are essential components of 
the fsecal matter. Such are the cholesterine and resin of the bile, and 
the colouring matter, of which no traces are found in the chyle. The 
liver, therefore, frees the blood from an excess of matters containing 
carbon and hydrogen, and from fatty matter, while the kidneys re¬ 
move from it the superabundance of those materials which contain 
a large proportion of nitrogen. The colouring matter of the bile, 
which is excrementitious, also contains nitrogen. The lungs and 
liver are so far analogous, inasmuch as both separate from the blood 
substances containing a large proportion of carbon. In the former 
case, however, it is already combined with oxygen; in the latter case, 
it is still in the oxidisable state. Earlier physiologists, and more 
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recently Autenrieth, and particularly Tiedemann and Gmelin, have 
directed attention to a certain vicarious action in the functions of the 
lungs and liver; and although it does not appear that the size of the 
liver is throughout the animal kingdom in the inverse ratio of the 
size of the respiratory organs, yet pathological observations are cer¬ 
tainly in favour of the existence of such a relation. 

The excretory action of the liver is exerted also under circum¬ 
stances in which digestion is not carried on. For although the liquor 
amnios is swallowed by the foetus, it is only during the latter period 
of gestation; while the liver is developed and secretes at a very early 
stage of foetal life, and the bile, although less bitter and less coloured 
at that period, contains, according to Lassaigne,* a green resinous 
matter and a yellow colouring matter, but no picromel. In fact, it 
is the excrementitious matter of the bile of the foetus, which collects 
•together with intestinal mucus in the lower part of the canal, form¬ 
ing the meconium. It appears from the experiments of Tiedemann 
and Gmelin, that the secretion of bile is still carried on in hybernating 
animals during their state of torpor. These inquirers also adduce 
the observation of Cuvier, that in many molluscous animals a small 
portion only of the bile is poured into the upper part of the intestinal 
canal; while the rest is evacuated by a separate duct either into the 
caecum, as in the Aplysia, or near the anus, as in the Doris and Te- 
thys. It is, however, at present, very doubtful whether the secretion 
which in the last two animals is poured out near the anus, is bile, 
and it certainly cannot be the greater part of it. I have examined 
several large examples of the Doris, and found the excretory duct 
which Cuvier discovered. It appears, however, to arise, not like the 
bile ducts, from the clustered vesicles of the liver; but by numerous 
branches, some of which run between the lobes of the liver, from a 
reticular tissue which is extended over its whole surface, while one 
large trunk comes from the interior. To me it appeared that two 
kinds of fluids are here separated from the blood, which is distributed 
through the mass of the liver, there being, perhaps, a special appa¬ 
ratus for the formation of each secretion. In its point of termination, 
the duct discovered by Cuvier is analogous to the excretory duct of 
the saccus calcareus of snails, but its origin is certainly very different. 

The frequency of diseases of the liver and the intestinal canal in 
tropical climates and hot seasons, and of affections of the liver and 
abdominal organs in damp marshy air, is still unexplained. Could 
it be ascertained that these circumstances in some way impede the 
circulation and cause congestions, it would be easy to conceive why 
the liver and intestinal canal should suffer most in consequence; for 
the circulation in these viscera must be doubly impeded, the blood 
of the intestinal veins and vena portes having to circulate through a 
^ second capillary system, namely that of the liver, before it reaches 
the general circulation. Tiedemann and Gmelin maintain that the 
increased secretion of bile in tropical climates is required to compen¬ 
sate for the diminished purification of the blood in the lungs; many 
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persons supposing that the function of the latter organs is rendered 
inefficient on account of the rarification of the air by the heat. Ste¬ 
vens* thinks this assumption incorrect; for in the West Indies, he 
says, the inhabitants of the smallest islands, which are the driest and 
hottest, but in which there are no stagnant waters, are not subject to 
diseases of the liver, and increased secretion of bile, and these dis¬ 
eases are prevalent in hot climates only where the atmosphere is 
impregnated with malaria. 


SECTION II. 

OF THE CIRCULATION OF THE BLOOD AND OP THE VASCULAR SYSTEM. 

CHAPTER I. 

Of the Forms of the Vascular System in the animal kingdom. 

Peculiar chemical changes of an organic nature are effected in 
the blood in special organs of the body. All parts of the system, 
however, require a supply of blood which has undergone these 
changes, and hence the circulation of this fluid is indispensable. 

The circulation of the blood was discovered in the higher animals 
by Harvey in 1619. It has since been found to have a much more 
extended existence; and although it cannot be asserted to be a uni¬ 
versal character of all animals, yet at every advance of observation 
new traces of vessels are discovered in the most simple beings. 
Ehrenberg has described them in the rototoria, and even microscopic 
minuteness does not appear to preclude the existence of this complex 
structure. The following are the more important facts relative to 
the different forms of the vascular system in the animal series;— 

Circular currents in the lower animals. —In several of the lowest 
tribes of animals there are small circular currents of granules similar 
to those in the Chara. These circular currents in animals appear 
not to be dependent on the action of a heart, but have been sup¬ 
posed to be the result of ciliary motion, although neither Dutrochet, 
Donne, nor any other observer, has been able to detect cilia on the 
globules lining the cells, in which the rotation of granules is observed. 
(See the Bibliotheque Univers. Jan. 1838; and Comptes Rendus, 
1838, Nos. 16 and 18.) 

In the lowest anirnals of which the circulation has been accurately 
observed, as in the Planariae, Echinoderrnata, and leech tribe, the 
motion of the blood is effected by one, two, or more contractile ves¬ 
sels. These vascular trunks are, however, neither arteries nor veins, 
but are in part contractile hearts, which force the blood into anasto¬ 
mosing branches. 

Holothuria. —The vascular system in the Holothuria, the disco- 

♦ Observations on the Healthy and Diseased Properties of the Blood, London, 
1832, p. 59. 
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very of which is attributed to Tiedemann, but was previously de¬ 
scribed and beautifully figured by Hunter,* * * § seems to be of this 
nature: it is situated, in common, on the intestine and on the respira¬ 
tory organ, and is independent of the system of water tubes with 
which the skin of this animal is provided for the erection of its ten- 
taculat. 

In the Annelida there is a progressive contraction of the vascular 
trunks, advancing regularly in one direction, and thus, according to 
Dug6s, driving the blood in a continued circle in the larger vessels; 
while at the same time the circulating fluid is thrown alternately 
from side to side through the transverse anastomising branches, one 
trunk being filled while the other contracts, as is seen in the Hirudo 
vulgaris.^ M. Milne Edwards,§ who has recently investigated very 
accurately the circulating system of the marine Annelida, finds that 
while they all agree in having two principal systems of vessels, the 
dorsal, in which the direction of the current is forwards, and the 
ventral, in which it is from before backwards, the contractile organs 
which give rise to this motion of the blood are in different genera 
situated at different parts of the circle. In the Terebellas the ante¬ 
rior part of the dorsal vessel acts the part of a pulmonic heart, and 
drives the blood into the branchiae, which are themselves contractile, 
and force the blood into the ventral vessel, or systemic aorta. In 
the Nereides the dorsal vessel acts the part of the systemic heart. 

Insects .—In animals in which there is but one contractile vessel, 
the circulation is simple but perfect; the fluctuating motion of the 
blood from side to side does not exist, and there are distinct arterial 
and venous currents. Such is the circulation which CarusH has dis¬ 
covered ill insects: the blood flows in a simple circle; being im¬ 
pelled forwards by the dorsal vessel, it returns in the opposite direc¬ 
tion through the body, and again enters the dorsal vessel. 

The currents are very simple and do not ramify; the feet, for 
example, have each two currents running in opposite directions, the 
arterial being reflected uninterruptedly into the venous, so as to form 
a loop. It is at present unknown whether the internal organs of 
insects receive any separate vascular currents. 

Arachnida and Crustacea .—The circulation in the Arachnida 
and the lower Crustacea, such as the Daphniae and Onisci, according 
to Zenker and Gruithusen, is nearly as simple as in insects. There 

* See the Catalogue of the Mus, of the College of Surgeons, vol. i. p. 251. 

* f Tiedemann, Anatomie der Rohrenholothurie, &c. 

J. Muller, Meckel’s Archiv. 1828; and my observations on the Arenicolee in 
the 4th vol. of Burdach’s Physiol. On the subject of the annelides generally, 
consult Duges, Ann. des sc. nat. t. xv. 

§ Annal. des sc. nat. 1838, t. x. 

II Entdeckung eines Blutkrieslauf, &c. Leipzic, 1827.—Nov. act. nat. cur. t. xv. 
p. 2. The visible circulation of the blood in insects was imperfectly known to 
Leeuwenhoek (Arcana Naturae) and Baker. Hunter was well acquainted with 
the heart or dorsal-vessel of insects, and also with the lateral canals, which he 
correctly regarded as veins,—and he knew the course of the circulation from dis¬ 
section and injections. (See vol. iii. of Mr. Palmer’s Edition of Hunter’s Works, 
p. 173; and the Catalogue of the Hunterian Museum, vol. ii. p. 31.) 


178 


VASCULAR SYSTEM IN REPTILES. 


is no distinct pulmonary circulation; but a part of the blood is aerated 
in the respiratory organs in its course through the general circulation. 
In the Arachnida with tracheal organs of respiration as well as in 
insects, the blood is aerated by the tracheae which ramify most mi¬ 
nutely in all parts of the body. 

In the higher Crustacea there is either a long tubular heart, as in 
the Squillae and allied genera, or a short wide one, as in the Deca- 
poda. The blood is collected from the body by veins, and by them 
carried to the branchiae; from the branchiae it returns to the heart, 
which again distributes it to the body. That this is the course of the 
blood in Crustacea was discovered by MM. Edwards and Audoin, 
and while at Paris I satisfied myself of it by injecting a lobster. I 
agree with Meckel that Strauss is incorrect in considering the mem¬ 
branous covering of the heart of these animals to be an auricle.* 

Mollusca .—The circulation in the Mollusca is similar to that in 
the Crustacea. In the naked Acephala or Tunicata ,—as the ascidia 
and salpa,—the veins from the branchiae enter the ventricle imme¬ 
diately. In the Conchiferaf as well as in most Gasteropoda, the 
blood is first collected in an auricle (in the conchifera there are two 
auricles), and thence passes to the ventricle. 

In the majority of the Mollusca all the venous blood circulates 
through the branchiae before reaching the heart. In Gasteropoda 
(Lima and Helix) the blood from the lungs is in part distributed to 
the organ which secretes the lithic acid [saccus calcareiis), and is 
then collected again to be sent to the auricle. 

Cephalopoda. —In the Sepia there are three separate ventricles. 
The systemic ventricle or heart gives off the aorta, which distributes 
•the blood to the body, whence it is brought by veins to the two 
lateral branchial hearts; by these it is sent to the branchiae, and by 
the branchial veins is returned to the systemic heart. 

In Fishes there is but one auricle and one ventricle, the venous 
blood from the body generally being collected in the auricle, and 
thence transmitted to the ventricle. By the ventricle the blood is 
impelled through the contractile bulbus arteriosus into the branchial 
arteries, generally four in number on each side, being by them con¬ 
veyed to the branchiae, from which it is returned by the same number 
of branchial veins; these branchial veins unite to form the aorta, by 
the branches of which the blood is distributed to the body. 

In Reptiles there are two auricles and one ventricle imperfectly 
divided into two cavities. The venous blood brought from the body 
to the right auricle is partially mixed in the ventricle with arterialised 
blood, which is received from the lungs by the left auricle, and poured 
into the ventricle: from the right compartment of the ventricle the 
left aortic trunk and the left pulmonary artery generally arise; from 
the left cavity the right aortic trunk and generally the right pulmo¬ 
nary artery; it is from the right aortic trunk that the arteries of the 
head and upper extremities arise, and these parts, as in the foetus of 


* See Ann. d. sc. nat. 1827, tab. 24-32. 
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mammalia and birds, receive a larger proportion of arterial blood; 
the two aortic trunks unite behind to form the descending aorta. 

Amphibia .—Intermediate in the chain of animals between fishes 
and reptiles is the class of Amphibia or batrachian reptiles, of great 
interest in a physiological point of view, on account of the metamor¬ 
phosis of the branchial into the pulmonary circulation which is ob¬ 
served in them. All the Amphibia* have two auricles, the separation 
between which is not visible externally, and one ventricle.t 

In the Frog .—The branchial circulation in the frog, during the 
earliest period of its larval condition, when it has external branchiae, 
is similar to that in the larva of the salamander. During the second 
period, in which it has internal covered branchiae, and in which the 
lungs begin to be developed, the distribution of the vessels is, accord¬ 
ing to Huschke, more like that of fishes; the arterial trunk divides into 
the branchial arteries for the four branchial arches, and the branchial 
veins collecting into large trunks run parallel to the arteries. In the 
larva of the frog, however, there is a short anastomosing branch con¬ 
necting the artery and vein at the commencement of each branchial 
arch, which does not exist in the fish. After the metamorphosis 
there remains on each side but one arterial arch, which, after giving 
ofi* behind the arteria brachialis, unites with that of the opposite side 
to form the aorta abdominalis. The pulmonary arteries and those 
of the head, although they appear to arise from the commencement 
of these two aortic arches, do not really communicate with them; for, 
when accurately examined, each of the two diverging stems into 
which the bulbus arteriosus divides, is found to consist of three tubes 
united apparently into one trunk, but internally separated by thin 
septa. These tubes are the remains of the branchial arteries; the 
middle one is continuous with the aorta; the most inferior gives off 
the pulmonary artery and a vessel to the occiput, while the superior 
one forms the arterial trunk from which the head is supplied. Near 
the origin of the arteries of the head there is a glandular enlargement, 
—the so-called carotid gland, which Huschke has shown to be 
formed of minute ramifications of the artery which enters it, and of 
the venous radicles, which again unite into a single trunk that issues 
from the mass. This body is supposed to be the remains of the ca¬ 
pillary vessels of the first branchial arch. I have satisfied myself that 
it has a cavity in its interior, and that the stem entering it is con¬ 
tinuous till its exit, passing through a spongy tissue, which is most 
dense externally, although the external surface when finely injected 
does present, as Huschke describes, a delicate network, formed from 
vessels passing in and out. 

. * On the heart of the amphibia, consult Weber's Beitrage zur Anat. und Phy¬ 

siol. Bonn, 1832. The existence of two auricles in the perreni-branchiate am¬ 
phibia was discovered by Mr. Owen, (see Transactions of the Zoological Society 
for 1834,) and a year later by Prof. Mayer of Bonn, (see his Analect. zur vergl. 
Anat. 1835.) 

t For an account of the characters which distinguish amphibia from reptiles, see 
J. Muller, in Tiedemann’s Zeitschrift, iv. 2. 
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Aortic arches in the embryo of the higher Vertehrata. —The true 
Reptiles never possess branchise, and they undergo metamorphosis 
only during the foetal state, like the other Vertebrata. In the earliest 
period of foetal life, the embryos of all vertebrate animals have clefts 
in the neck, and between them, arched plates. In these plates rim 
the aortic arches, which unite again posteriorly into one common 
trunk. This was discovered by Rathke; it is satisfactorily seen in 
the embryo of the bird on the third day of incubation. A similar 
structure, but less distinct, exists also in Mammalia and in man. It 
is more easily seen in the embryo of Reptiles. In these higher Ver¬ 
tebrata, however, there are no real branchise with branchial lamellae, 
but merely branchial arches, from which in Fishes and Amphibia 
the branchia are developed by ramification of the aortic arches, while 
in all other vertebrate classes they gradually disappear; being, it 
would seem, converted into the cornua of the os hyoides.* In all 
vertebrate animals, then, during the earliest stage of existence, the 
main arterial stem divides into aortic arches, Tliese arches are in¬ 
deed persistent in reptiles; in some cases two on each side,—as in 
the true lizards and blind worms;—in other cases one only on each 
side,—as in serpents. In the higher vertebrata,—birds and mam¬ 
malia, which have two auricles and two ventricles,—it is during the 
foetal state only that the several aortic arches exist; at first, indeed, 
several on each side, which unite posteriorly to form the descending 
aorta. In mammalia there are during foetal life two aortic arches, 
which unite posteriorly to form the descending aorta. Of these, one 
arises from the left ventricle, and gives off the arteries for the upper 
part of the body; the other from the right ventricle gives off the pul¬ 
monary arteries as lateral branches. The continuation of this latter 
arch, namely, the ductus arteriosus, by which it unites with the 
aortic arch, at last ceases to be pervious, and then the pulmonary 
arteries become the sole branches of the trunk arising from the right 
ventricle. The arch of the aorta, or arcus ventriculi sinistri, in 
mammalia, turns from the left side behind the oesophagus, while in 
birds it turns from the right side; but when it is recollected that in 
the embryo state of both classes of animals there are several arterial 
arches on each side,this apparent anomaly becomes easily intelligible. 
Besides the communication between the two arterial arches, there is 
in the foetus another means of communication between the two sides 
of the heart, namely, the foramen ovale. When either this opening, 
or the ductus arteriosus remains unclosed after birth, the arterial 
and venous bloods are mixed, and the coerulean disease is produced. 

Varieties in the circulation dependent on the relation between 
the less and greater circulations. —As soon as a true circulation is 
met with in ascending the animal scale, all further modifications 
depend on the relation in which the vessels of the respiratory organs, 
or the smaller circulation, stand to the vessels of the body, or the 
greater circulation. Thus either a portion only of the blood is aerated 
in the course of the greater or systematic circulation, in which case 


* J. Muller, Meckel’s Archiv. 1830, p. 419. 
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the smaller or pulmonary circulation, to use Cuvier’s expression, is 
merely a fraction of the greater, or all the blood must first pass 
through the smaller circulation of the lungs or branchia, before it is 
distributed to the body generally. 

The varieties which nature presents in the origin of the arteries 
and veins of the respiratory organs from the systemic circulation 
are*very numerous, and seem, indeed, to comprehend all imaginable 
forms. They may be arranged as follows;— 

1. The smaller circulation a fraction of the greater circulation. 

2. The smaller circulation opposed to, or distinct from, the greater 
circulation. 

Portal circulation .—Besides the pulmonary circulation, there is 
in all vertebrate animals another still smaller circulation, which, like 
the branchial circulation of amphibia, is an appendage merely of the 
general circulation. This is the portal circulation; it is a mere sub¬ 
ordinate part of the venous circulation, in which the blood makes an 
additional circuit before it joins the rest of the venous blood. There 
are in the vertebrate classes two portal circulations; one of the liver, 
the other of the kidneys. The latter exists only in reptiles, amphibia 
and fishes; the former in all the vertebrata. 

In Mammalia, including man, the veins which collect the blood 
from the spleen, stomach, intestines, gall-bladder, and pancreas, unite 
to form the portal vein, which ramifies through the liver like an 
artery; from the capillary vessels of the liver, the blood, a part of 
which was supplied by the hepatic artery, returns through the he¬ 
patic veins to the vena cava, and there becomes mingled with the 
venous blood of other parts. In the other classes of the vertebrata, 
a part of the blood of the lower extremities also is carried to the 
portal vein; and in fishes sometimes the blood from the air-bladder 
and genital organs.* 

In reptiles and amphibia, the kidneys have, beside the renal arte¬ 
ries, portal veins, which bring to them a part of the blood of the 
posterior extremities and tail. The blood returned from the posterior 
extremities, from the abdominal muscles, and from the tail, goes partly 
to the liver, and partly to the kidneys:—in frogs and salamanders to 
these viscera only; while in some reptiles, as the crocodile, a portion 
of it is sent to the vena cava. In some fishes, as for example, the 
gadus, the blood of the tail and middle part of the body goes wholly 
to the kidneys; in others, as in the carp, pike, and perch, the venous 
blood of the posterior parts of the body is distributed to the kidneys, 
liver, and vena cava.t 

Meckel, who considered these portal veins which carry blood to 
the kidneys, to be ordinary venous trunks conveying it from them, 
founded his opinion chiefly on the class of birds, in which Jacobson 
incorrectly described portal veins going to the kidneys; but the non¬ 
existence of these veins in birds, which had been previously proved 
by Nicolai, is no argument for their not existing in reptiles, amphibia, 

* See Jacobson, Nicolai, and Rathke. 

f Jacobson, Meckel’s Archiv. 1817—147. Nicolai, Isis, 1826—404. 
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and fishes, in which classes indeed Nicolai has established their 
presence. 


OF THE HEART. 

Essential characters .—The principal impelling power of the cir¬ 
culation is the rhythmic motion of the heart. The heart is that J)art 
of the vascular system which, from having muscular parietes, not 
possessed by the blood-vessels generally, is endowed with contrac¬ 
tility. In its simplest form, therefore, the heart still resembles a 
vessel; this is exemplified by the vessel-like multiple hearts which 
constitute at the same time the main vascular trunks of the annelida, 
by the contractile vascular trunks on the intestinal canal of the holo- 
thuria, and by the dorsal vessel of insects, which is divided into a 
series of chambers. The correctness of this view is very evident on 
examining the organ in different orders of the Crustacea; thus, in the 
squillae the heart is a contractile dorsal vessel, while in the decapoda 
it is a short and circumscribed chamber or ventricle. 

In the embryo of the higher animals the heart is at first tubular, 
and is nothing more than the contractile part of the vessels at which 
the venous trunks are reflected into the arterial stem. 

In the adult of the higher animals, too, the heart consists of a short 
double muscular sac; but the contractile substance is continued for a 
certain extent on the venous trunks that open into it, and in fishes 
and reptiles, upon a part of the arterial stem, the so-called bulbus 
aortse. In the frog the trunks of the venae cavae can be most distinctly 
seen to contract regularly like the heart. This was observed by 
Haller,* Spallanzani, and Wedemeyer. The contractions appear to 
me to extend over the inferior cava as far as the liver; and are still 
continued and with regularity, in the venous stems, after the heart is 
removed. First, the cavae contract, then the auricles, next the ven¬ 
tricles, and lastly the bulbus aortse. I have observed contraction of 
the great veins in the mammalia, both in the young marten and in 
the young cat; in these animals, however, the contraction of the venae 
cavae and pulmonary veins is synchronous with the contraction of the 
auricles. In young animals the pulmonary veins, as far as they can 
be followed in the substance of the lungs, present most distinct con¬ 
tractions as long as their coats are not injured by pressure. The 
contraction of the cardiac end of the superior vena cava is as distinct. 
But, during the contraction, the distance to which the contractile 
substance of the cava extends may be clearly distinguished; beyond 
this limit the vessel exhibits not the slightest contraction, but becomes 
rather turgid and distended by blood at the time that the part conti¬ 
guous to the right auricle is contracted. Retzins has described a layer 
of peculiar fibres at the origin of the vena cava of serpents, and E. 
H. Weber has found the same in the inferior cava of mammalia. 

These observations indicate, that in its simplest form the heart is 
merely that part of the vascular system which is furnished with 


♦ Elementa Physiol, t. i. 125. 
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muscular structure, and endued with the power of active motion; 
and that it is still a heart when, as in the lower animals, it has the 
form of a simple contractile vascular stem. The rest of the vascular 
system consists merely of tubular canals, which in reference to mo¬ 
tion are passive, but may exert other important influences on the 
blood. Thus, for example, by virtue of a power, the nature of which 
is not known, they maintain the fluidity of the blood as long as it is 
in motion; and the interchange of matters between the blood and the 
tissues which takes place through their parietes is effected by their 
influence.* * * § 


CHAPTER II. 

OF THE GENERAL PHENOMENA OF THE CIRCULATION. 

Cardiac Beat and the Pulse. —The heart of an adult man in the 
middle period of life contracts from seventy to seventy-five times in 
a minute. The frequency of its action gradually diminishes from 
the commencement to the end of life, thus;— 

In the embryo the number of beats in a minute is * . 150 

Just after birth, .... from 140 to 130 
During the first year, ..... 130 to 115 
During the seeond year . . . . 115 to 100 

During the third year ..... 100 to 90 
About the seventh year . . . . 90 to 85 

About the fourteenth year . . . . 85 to 80 

In the middle period of life . . . . 75 to 70 

In old age . . . . . . 65 to 50 

In persons of sanguine temperament the heart beats somewhat 
more frequently than in those of the phlegmatic; and in the female 
sex more frequently than in the male. The number of the pulsa¬ 
tions in a minute varies very much in different animals. 

In fishes the number of beats in a minute is . from 20 to 24 


In the frog 

• • • 

. . about GO 

In birds 

, , 

. . from 100 to 140 

In the rabbit 

• • • 

. . about 120 

“ cat 

• • 

110 

“ dog 


95 

“ sheep 

• 

75 

“ horse 

• 

40 

After a meal the 

heart’s action is 

accelerated, and still more 


during bodily exertion; it is slower during sleep. The observations 
of Dr. KnoXjt Nick,;}; Hohl,§ and Dr. Guy,l| have shown that, in the 
state of health, the pulse is most frequent in the morning, and be- 

* I have given a more elaborate description of the various forms presented by the 
circulation in the animal kingdom, in Burdach’s Physiologie, B. iv. 

t Edinb. Med. Surg. Journal, 1815; and a more recent paper in the 11th vol. of 
the same journal. 

% Loc. citat. 

§ Die Geburtshiilflicke Exploration. Halle, 1835. 

II Guy, Hospital Reports, Nos. vi. and vii. 
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comes gradually slower as the day advances; and that this diminu¬ 
tion of frequency is both more regular and more rapid in the evening 
than in the morning. It is found, also, that, as a general rule, the 
pulse is more frequent in the standing than in the sitting posture, and 
in this than in the recumbent position; the difference being greatest 
between the standing and the sitting posture. Thus, in 100 healthy 
males of the mean age of 27 years,, and in a state of rest. Dr. Guy 
found the mean number of the pulse, standing, 79; sitting, 70; and 
lying, 67. The extremes were very far distant from this mean re¬ 
sult. Exceptions to the general rule were met with in 34 cases out 
of the 100. In either sex the effect of change of posture is greater 
as the frequency of the pulse is greater, and in accordance with this, 
is more marked in the morning than in the evening. But it is re¬ 
markable that in the female the pulse, though more frequent, is much 
less influenced by posture than in the male. In early youth, also, 
the effect of posture on the pulse is less than in adult age, and this 
influence of age is greater in the female than in the male. Different 
causes have been supposed to account for the effect of posture on the 
frequency of the pulse. Dr. Guy, by supporting the body in differ¬ 
ent postures, without the aid of muscular effort of the individual, has 
proved that the increased frequency of the pulse in the sitting and 
standing positions is really dependent on the muscular exertion en¬ 
gaged in maintaining them; the usual effect of these postures on the 
pulse being almost entirely prevented when the ordinarily attendant 
muscular exertion was rendered unnecessary(«). The effect of food, 
like that of change of posture, is greater in the morning than in the 
evening.* According to Parrot,t the frequency of the pulse in¬ 
creases in a corresponding ratio with the elevation above the sea:— 

When the pulse at the level of the sea was . . .70 

At 1 000 metrest above its level, it was ... 75 

1500 . 82 

2000 90 

2500 ....... 95 

3000 . . . . . . . 100 

4000 . . . . . . .110 

In inflammations and fevers the pulse is much more frequent than 
during health. When the vital powers decline, it becomes frequent 
and feeble. In nervous affections with more oppression than ex¬ 
haustion of the forces, the pulse is often remarkably slow. 

If the heart of a living mammiferous animal or bird is laid bare, 
the two ventricles are seen to contract simultaneously, and the two 
auricles, with the commencement of the pulmonary veins and of the 
vense cavae, also simultaneously, the contraction of the auricles and 

(a) In hypertrophy of the heart, the differential pulse, as it is called, is not met 
■with. There is no change in the pulse with change of posture. 

* The greater number of the facts relative to the variations of the pulse under 
the influence of posture and period of the day, were first ascertained by Dr. Knox; 
they have been confirmed and others added by the numerous and well-conducted 
observations of Dr. Guy, (Med. Gazette, 1839.) 

f Froriep, Notizen, 212. See also Nick, fiber die Bedingungen der Haufigkeit 
des Pulsus. Tfibingen, 1826. 

A metre is about three feet three inches. 
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that of the ventricles not being synchronous. In warm-blooded 
animals the auricles contract immediately bfefore the ventricle. In 
the frog the contractions of the venous trunks, of the auricles, the 
ventricle, and the bulbus aortse, appeared to me to follow the order 
in which I have specified the parts, the intervals between the four 
contractions being nearly equal; so that the same interval of time 
elapsed from the contraction of the auricles to the contraction of the 
ventricle, as between the contraction of the ventricle and that of the 
bulb of the aorta. I am convinced, from repeated observations, that 
the auricles and ventricle do not, as Oesterreicher* asserts, alternate 
in action at equal intervals, like the motions of the pendulum, but 
that the time that intervenes between the contraction of the auricles 
and the contraction of the ventricle is much less than that which 
elapses from the moment of the contraction of the ventricle to the 
moment when the auricles again act; and that generally the con¬ 
traction of the bulbus aortae and venous trunks occur in the interval 
of time last indicated. In warm-blooded animals I have seen the 
contractions of the auricles cease altogether for some moments, 
which must have been caused by the injury inflicted in making the 
observation. Under ordinary circumstances, the auricular contrac¬ 
tion was always a very quick motion immediately preceding the 
action of the ventricle, the interval of time from the contraction of 
the auricles to the contraction of the ventricle being certainly very 
much shorter than the period that elapsed between the contraction 
of the ventricles and that of the auricles. 

The contraction (systole) alone of the heart is an active state; the 
dilatation (diastole) is the moment of repose, in which the fibres are 
relaxed, and in which the blood is poured from the contiguous veins 
into the cavities of the heart, to fill the vacuum consequent on the 
relaxation of its fibres: the valves of the heart being so arranged as 
to allow the influx of the blood from the veins. The dilatation of 
the heart was supposed by Bichat, and some other French physiolo¬ 
gists, to be an active movement, but Oesterreichert has by a very 
ingenious experiment refuted this supposition. He removed the 
heart of a frog from the body, and laid upon it a substance sufficiently 
heavy to press it flat, and yet so small as not to conceal the heart 
from view; he then observed that during the contraction of the heart 
the weight was raised, but that during its dilatation the heart re¬ 
mained flat. This experiment shows that the dilatation of the heart 
is not a muscular act; at the same time, however, it must be recol¬ 
lected that the walls of the heart during life cannot become so relaxed 
at the time of the diastole, as in a heart removed from the body, even 
although the cavities of the heart were not filled with blood; for, in 
the living state, the capillary vessels of its substance are at the time 
of relaxation injected with blood, which, during the contraction, is 
pressed out of them, and this filling of its vessels must give it some 
degree of firmness and rigidity. 


* Lehre vona Kreislauf des Blutes. Numb. 1826. 
I Loc. cit. p. 33. 
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The contraction of the ventricles of the heart would drive the blood 
into the auricles and veins, as well as into the arteries, if the valves 
were not so constructed and attached as to allow the expulsion of 
the blood only in certain directions. There are, it is true, no valves 
to prevent the auricles from forcing the blood into the veins; but the 
stream of venous blood towards the heart checks its regurgitation in 
this direction, while its passage from the auricle into the ventricle is 
free; for the valve at the auriculo-ventricular orifice is so attached as 
to allow the blood to flow into the ventricle, and yet, to prevent the 
regurgitation of the blood into the auricle, when the ventricle con¬ 
tracts; it being then, by the pressure of the blood itself, spread out 
so as to close the orifice. The escape of the blood from the ventricle 
into the great arteries is unimpeded, the pouch-shaped semilunar 
valves situated at the arterial orifice of the ventricle being separated 
from each other, and laid close to the walls of the artery by the 
stream of blood forced into it. And when the contraction of the 
ventricle ceases, regurgitation from the arteries cannot take place; 
for the blood itself presses down the valves towards the centre of the 
vessel, and spreads them out so as to close the orifice. The heart by 
this arrangement of its valves is constituted a kind of forcing-pump, 
like the common syringe with two valves, of which one admits the 
fluid on raising the piston, but is closed again when the piston is 
forced down, while the other opens for the escape of the water, but 
closes when the piston is raised so as to prevent the regurgitation of 
the fluid already forced through it. 

The vascular system must be regarded as constantly filled with 
blood in all parts. The heart’s cavities alone contract at each beat 
so as to expel nearly all their contents; but several observations show 
that even the ventricles do not empty themselves completely during 
their contraction. While the vessels, from the commencement of the 
arteries to the capillary vessels, and thence to the insertion of the 
venous trunks into the heart, are filled with blood, both during the 
contraction of the ventricles and at the time of their relaxation; neither 
air nor a vacuum exists in any part of the vascular system. So that 
the contraction of the aortic or left ventricle cannot advance the 
blood in the arteries except by forcing on the column of blood 
already contained in them; and the advance of the column is pro¬ 
portionate to the space which the quantity of blood forced through 
the aortic orifice by each contraction of the ventricle—namely, from 
one to two ounces—occupies in the commencement of the aorta. 
When the contraction of the ventricle remits, the cause of the motion 
cea.ses, but the elasticity of the arteries overcomes the resistance 
offered by friction in the minute vessels, and still forces the blood 
onwards; a continuous current is thus produced from the aortic 
valves to the capillary vessels. When the aortic ventricle again con¬ 
tracts, and again forces one or two ounces of blood into the aorta, 
the current is accelerated, and the column of blood is advanced to 
the same extent as before. The result of this succession of actions 
must be, that exactly the same quantity of blood enters the heart 
from the veins as was expelled from it in the same space of time by 
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the contraction of the ventricles; for the whole mass of blood forms 
one great circle from the heart to the heart again—a circle, at each 
and every point of which the same quantity of blood must pass 
within a given time. The contraction of the ventricles would give 
rise to a vacuum within them, were it not that as soon as the con¬ 
traction ceases, the blood impelled by the vis d, tergo immediately 
flows from the veins and auricles into the ventricles to fill the im¬ 
pending vacuum; and it is the same with the auricles. 

The pressure of the column of blood against the elastic walls of 
the arteries at every contraction of the ventricle, produces what is 
called the pulse. This phenomenon will be more particularly con¬ 
sidered at a future page; here it is only necessary to remark, that the 
sensible pulse of the arteries is synchronous, or nearly so, with the 
contraction of the ventricle; it is somewhat later than the heart’s 
beat, but the difference of time is scarcely perceptible. In the ca¬ 
pillaries and veins the pulse is no longer perceived. 

The impulse of the heart—pulsus cordis —must not be confounded 
with the arterial pulse. The heart’s impulse is the shock communi¬ 
cated by the apex of the heart to the walls of the thorax in the 
neighbourhood of the fifth and sixth ribs. 

Sounds of the heart. —When the ear, or a stethoscope, is placed 
over the precordial region, two sounds are heard following each 
other quickly at every beat of the heart. I have sometimes heard 
them in my own person at night when lying on the left side. Like 
the heart’s impulse, these sounds are followed by a pause. The in¬ 
terval of time between the two sounds compared with the pause is, 
according to my observation, in the proportion of 1 to 3, or about ith 
of the time occupied by a single beat of the heart and the pause fol¬ 
lowing it,—that is, about ^th of a second. From repeated and long- 
continued observations I am satisfied that the first sound is synchro¬ 
nous with the impulse at the chest, and nearly synchronous also with 
the pulse of the facial artery, which is only ^yh of a second later 
than the impulse at the chest. The extent to which the first sound 
was distinctly heard in a healthy female did not exceed the space in 
which the impulse was felt; but the second sound was audible in 
nearly the whole extent of the chest, as high as the clavicles. In a 
pregnant woman the two sounds of the foetal heart are heard through 
the abdominal parietes. 

It is now pretty generally conceded that the first sound is due to 
the contraction of the venticles alone, as a muscular sound, and the 
second sound produced by the reaction of the columns of blood in the 
aorta and pulmonary artery upon the semilunar valves, spreading 
them out. Yet they must be rendered more perceptible by the heart 
coming into contact with the thoracic parietes during the systole by 
its apex, and during the diastole by its anterior surface. 

We now pass to the description of the greater and smaller circu¬ 
lation. The greater circulation is the course of the blood from the 
left side of the heart through the arteries of the body, and back again 
through the veins to the right side of the heart. The course of the 
blood from the right side of the heart through the pulmonary arteries 
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to the lungs, and back to the left side of the heart through the pul¬ 
monary veins, is called the smaller circulation. The blood, there¬ 
fore, in fact, makes but one circuit, of which there are two divisions; 
in each of these the blood passes through capillary vessels from 
arteries to veins. 

a. Smaller or Pulmonary Circulation. 

The same quantity of blood enters the right auricle from the su¬ 
perior and inferior cavae, and from the great coronary veins, as is 
impelled during the same period of time b^y the left ventricle through 
the arteries of the body. On the contraction of the auricle, the en¬ 
trance of the blood of the veins is suddenly interrupted; but, when 
the auricle becomes relaxed, the blood rushes into it, and into the right 
ventricle also as soon as its contraction ceases. The auricle now 
contracts, and immediately afterwards the ventricle.* By the con¬ 
traction of the auricle the blood is forced through that orifice, which 
remains free. It cannot regurgitate into the venae cavae, because it 
is in them opposed by the stream of venous blood which continues 
to be impelled towards the heart by the vis d, tergo; and the opening 
of the coronary veins is closed, its valve being applied to it by the 
pressure of the blood in the auricle. The blood flows, therefore, into 
the right ventricle, which during the contraction of the auricle had 
become partially dilated and is now completely distended. While 
the right auricle is again dilating to receive the blood of the veins, 
the right ventricle contracts; and the blood, which cannot regurgitate 
into the auricle on account of the tricuspid valve being spread out 
by the pressure of the blood so as to close the auriculo-ventricular 
orifice, is driven into the pulmonary artery. 

In this manner the venous blood returning from the body is, by 
the agency of the right side of the heart, transmitted to the pulmonary 
circulation. All the blood contained in the auricle is not, however, 
forced by its contraction into the ventricle. A portion regurgitates 
into the superior and inferior vense cavae; or, at any rate, the con¬ 
traction of the auricle checks the flow of blood from the venous 
trunks towards the heart, which otherwise would continue uninter¬ 
ruptedly. When animals are opened during life, the great veins are 
seen to become turgid at the time of each contraction of the auricle; 
and in the larva of the triton I have seen the blood, in the inferior 
cava and hepatic veins, advance only in periodical jerks. When the 
escape of the blood from the ventricle into the pulmonary artery is 
impeded from any cause—whether organic change in the pulmonary 
artery, ossification of the semilunar valves, or impediment to the 
motion of the blood in the lungs—the regurgitation into the veins is 
necessarily increased. The regurgitation, or rather, periodic arrest 
of the blood in the great venous trunks, is called the pulsus venosus. 
It cannot extend far, on account of the yielding nature of the vein; 


♦ In vivisections I have frequently seen two contractions of the auricle for one 
of the ventricle, and sometimes the auricle did not contract at all. Both these 
circumstances were, however, most probably, anomalies. 
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that portion only of the venous system which is near the heart is 
affected by it. 

The blood, once in the arteria piilmonalis, cannot return when the 
ventricle becomes relaxed; because the column of blood in the artery 
itself spreads out the semilunar valves at the mouth of the artery and 
closes it. The course of the blood from the right ventricle, through 
the lungs, to the left side of the heart, is called the smaller circulation; 
it does not really form a circle, for the blood does not return to the 
point from which it started. It is only a part of the course of the 
whole circulation, and would be better named the pulmonic course 
of the blood, in opposition to the systemic course of the blood, 
which together with it forms an entire circuit or circulation. In the 
pulmonic course, the venous blood expelled from the right ventricle 
by successive new portions of blood, flows from the branches of the 
pulmonary artery into the capillary vessels of the lungs, and through 
these capillary vessels,—in which it becomes scarlet, or arterial,— 
into pulmonary veins, which pour it into the left auricle. The ca¬ 
pillary vessels in the lungs are, as in other parts, the network of 
minute vessels, which intervene between the smallest branches of 
the arteries and the radicals of the veins; but here the meshes of the 
network are extraordinarily small. The innumerable capillaries of 
the lungs are enclosed and spread out in the delicate membrane 
forming the cells in which the last branches of the bronchi terminate. 
This membrane that forms the pulmonary cells is a continuation of 
the mucous membrane of the trachea,and is, consequently, continuous 
throughout the lungs. The interior of the lungs, therefore,—omitting 
from consideration the bronchial tubes, arteries and veins,—may be 
regarded as a most extensive surface realised in a small space by the 
folding of a membrane in the form of cells, this membrane containing 
a dense network of capillary vessels. The process of respiration is 
effected by the contact of the air, which enters by the bronchi, with 
the inner surface of these cells, in the parietes of which the particles 
of blood circulate in most minute currents. 

In the simpler animals, as in the amphibia, the lungs are, indeed, 
mere sacs, with internal cellular folds. In branchiae also,—the second 
form of respiratory organ,—the essential character is the great de¬ 
velopment of surface in a small space; but in them the development 
of respiratory surface is towards the exterior;.in the lungs it is to¬ 
wards the interior, either in the form of sacs or of ramified tubes. In 
branchiae, as in lungs, the blood is distributed over an extensive sur¬ 
face, by means of the reticulated capillary vessels contained in the 
branchial plates and lamellae; each lamella has its small artery, which, 
at the extremity, is reflected into a small vein, descending along the 
opposite border, while numerous capillary branches keep up anasto¬ 
moses between the two. In frogs and salamanders, the motion of 
the blood through the capillary vessels of the sacculated lungs can 
be seen by means of the microscope.* The spaces between the 

* See the representations by Cowper, in Philos. Transact, abridged, vol. v, p, 
331, of the lungs of the salamander, by Prevost and Durnas, in Magendie’s Phy¬ 
siology, t. ii. and in Dr. Milligan’s translation. 
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streams of blood are, according to my observations, islets, distributed 
with perfect regularity, and scarcely larger in diameter than the cur¬ 
rents themselves. The motion of the blood is seen still more dis¬ 
tinctly in the capillary vessels of the branchiae of the larva of the 
salamander.^ The branches of the pulmonary arteries and veins in 
the lungs of salamanders, frogs and toads, according to Dr. Marshall 
Hall’s description,t which is most exact, run constantly parallel to 
each other; in the angle formed by two arterial branches, there is 
always a venous branch, in the angles between two venous branches 
always a branch of an artery. In the septa of the pulmonary cells, 
which project into the interior of the lungs, the arterial and venous 
branches are so distributed that the small venous twigs run along 
the inner border of the septa. The ultimate branches of the arteries 
and veins terminate abruptly in an intermediate network of capilla¬ 
ries, while in all other organs, the ramification of the vessels still 
continues, passing imperfectly into the capillary network. The ulti¬ 
mate branches of the pulmonary arteries and veins are throughout 
perforated like sieves, to give off and receive the blood of the capil¬ 
lary vessels. Dr. Marshall Hall’s representations of the capillary 
circulation in different parts are extremely interesting, particularly 
the Sth plate. 

Destruction of the capillary network of the pulmonary cells and of 
the air-cells themselves by inflammation, suppuration, or structural 
degenerations, has two very important consequences: in the first 
place, diminution of the respiring surface, the effect of which may be 
imperfect formation of the blood, and at last wasting of the body; 
secondly, diminution of the number of channels through which the 
blood must pass, and, consequently, impediment to its course from 
the right to the left cavities of the heart, and thence to the general 
system. In warm-blooded animals, in which all the blood must 
pass through the capillary system of the lungs before it can arrive 
at the great aortic circulation, any diminution of the extent of this 
pulmonic capillary system must be productive of impediment to the 
circulation generally; and hence in patients suffering under pulmo¬ 
nary disease, excessive action of the heart, tendency to congestion 
of blood in the lungs, disposition to inflammation of these organs, 
and feverish excitement, are frequently observed. Any other organ 
might be wholly destroyed without the circulation in the rest of the 
body being impeded, but the loss of a portion of the lungs is a source 
of obstruction to the circulation generally; hence it is evident that 
persons suffering with pulmonary disease ought to avoid everything 
which might produce still greater impediment and excitement in the 
circulation. From this consideration may also be explained why 
extensive destruction of other parts, unless accompanied by a con- 

* Rusconi, Della Circolazione delle Larve delle Salam. aqual. Pavia, 1817.— 
Amours des Salam. aqiiat. Milan, 1821, in which, however, the transverse branches 
of the branchial laminae are not noticed.—Steinbuch, Analecten fur Naturkunde. 
Fiirth, 1802. 

t A critical and experimental Essay on the Circulation of the Blood; London, 
1831; plates 5—8. 
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stant draining of the fluids of the body, does not always excite fever, 
while diseases affecting the substance of the lungs are so prone to 
be attended with hectic. Disorganisation in other parts ordinarily 
produces merely the local effects of impediments to the circulation; 
for instance, congestion of blood and effusion of serum, in the form 
of local dropsies,—such as ascites, in cases of disorganisation of the 
liver, &c.,—which are proportionally more rare in affections of the 
lungs. Gaspard has shown, that death is inevitable, and comes on 
very rapidly, when the circulation in the capillary vessels of the 
lungs is obstructed by foreign substances; for instance, by oil, mucus, 
metallic mercury, powdered charcoal, and powdered sulphur, in¬ 
jected into the veins. 

The pulmonary circulation would be perfectly isolated from that 
of the body, were it not that the bronchial arteries communicate 
with the small branches of the pulmonary artery. When the pul¬ 
monary artery and its branches are narrowed, the anastomoses be¬ 
tween them and the bronchial arteries become enlarged. 

If the chemical changes which the blood undergoes in the lungs 
are arrested by suspension of the respiratory movements, or by 
breathing irrespirable gases, the blood ceases to acquire the arterial 
character in the lungs, and returns of a dark red colour. 

b. Greater or Systemic Circulation. 

The blood, having assumed its arterial colour, flows from the pul¬ 
monary veins into the left auricle; and then commences the greater 
circulation, or, more correctly, the systemic portion of the circulation, 
in which the blood is impelled into the arteries, and thence into the 
capillary system of the body, where it acquires a dark red colour, 
and returns from the capillaries through the veins to the right side 
of the heart. When the auricles dilate, the blood of the pulmonary 
veins rushes into the left auricle, and a part of it enters the left ven¬ 
tricle. As soon as the muscular contraction of the ventricle has 
ceased, the auricle contracts, and impels the blood into the dilated 
ventricle, which is thus filled to its greatest capacity. During the 
contraction of the left ventricle which now follows, the mitral valve 
closes the auriculo-ventricular orifice; and the blood, forcing asunder 
the semilunar valves at the mouth of the aorta, flows into that ves¬ 
sel. Reflux from the aorta into the ventricle cannot occur, for the 
blood, reacted upon by the elastic coats of the vessel, presses down 
the pouch-shaped semilunar valves so as to close the aortic orifice. 
The left ventricle contracts with much greater force than the right 
ventricle, and its walls are in the adult, as is well known, three times 
thicker. The left ventricle requires greater power on account of the 
systemic circulation being more extensive than the pulmonic circu¬ 
lation, and on account of the much greater resistance which must 
be produced by friction in the capillary vessels of all the organs of 
the body. 

From the aorta the blood, forced onwards at each beat of the heart 
by a new mass ejected from the ventricle, is distributed throughout 
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the whole body, with the exception of the lungs, and passes through 
the capillary vessels into the veins. 

The repeated contractions of numerous muscles during violent 
bodily exertion must, by the pressure excited on the vessels, interrupt 
the motion of the blood in a great part of the body. The more ex¬ 
tended the operation of this cause of obstruction is, the more it re¬ 
sembles that interruption of the circulation which is produced by 
even slight obstructions in the lungs. Similar effects also are pro¬ 
duced; the column of blood offers a greater resistance than usual to 
the power of the heart; the blood does not circulate freely and 
quickly enough through the lungs, and accumulates there; deficient 
aeration of the blood is in this way induced, and hence arises the 
labour of respiration during such great exertions, which is attributed, 
but less correctly, to an increased call for arterial blood. The con¬ 
tinued contraction of the muscles in cases where single limbs are 
kept for a long time in action, is also accompanied with accumula¬ 
tion of blood in those parts. 

The smaller arteries in every organ of the body before they become 
capillary are connected by repeated anastomoses with each other, as 
may be seen in any finely injected membrane; and many parts of 
the body receive blood by large arteries which arise from very differ¬ 
ent parts of the vascular system; thus the brain is supplied from the 
internal carotid and vertebral arteries, and the communication be¬ 
tween the epigastric, mammary, and intercostal arteries' is well 
known; Similar anastomoses are met with in all parts of the body. 
The capillary system of all connected parts being continuous, all the 
vessels of the body, whether arteries or veins, are also connected 
through its medium. The capillary vessels of the whole body and 
the anastomoses of the arteries form in this manner an uninterrupted 
network, which receives blood from innumerable arteries, and can 
be supplied with blood, directly or indirectly, from different sources. 
In consequence of this, if the vessel which usually conveys blood to 
a part is obstructed, new ways of supply can be developed by the 
simple dilatation of already existing communications without new 
vessels being formed. Thus is explained the phenomenon of collate¬ 
ral circulation, or the restoration of the circulation through a part 
after obliteration of its principal vessel. At first a number of anas¬ 
tomosing branches are dilated, and by degrees distinct vessels, of 
considerable size, are developed from among them. In animals, the 
aorta ahdominalis even may be tied without an absolutely fatal 
result, although in the two instances in which this operation was 
performed on man, death ensued. But all the other great arteries 
which are accessible in the human subject, have been tied in cases 
where it was necessary, with success. There are, indeed, cases re¬ 
corded, proving, that when it takes place slowly, even the oblitera¬ 
tion of the aorta immediately below the origin of the arteries of the 
upper part of the body does not preclude the development of a col¬ 
lateral circulation, the blood again finding its way circuitously to the 
part of the aorta below the obliteration by dilatation of anastomoses 
between the internal mammary, first intercostal artery, and the in- 
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tercostal branches from the aorta.* In a case of this kind, described 
by Reynaiidjt the principal communications between the subclavian 
artery of each side and the part of the aorta below the obliteration 
were eftected by anastomoses of the arteria cervicalis profunda, 
transversalis cervicis, and intercostalis prima with the intercostal 
arteries of the thoracic aorta, and between the subclavian and crural 
arteries by direct inosculation of the internal mammary and epi¬ 
gastric. 

The blood distributed through the arteries being impelled on¬ 
wards by the new masses constantly ejected from the left ventricle, 
follows the course indicated through the vessels, and from the minute 
arteries is transmitted through the capillaries into the minute veins. 
This transit from arteries to veins can be observed by means of the 
microscope in many transparent parts: so that its existence is not 
merely deduced from the course which the blood is known to take 
in the arteries and veins, but is an object of direct observation. 

The web of the frog’s foot, the tail of young fishes, or of the larvae 
of the salamander, frog, and toad, the mesentery of all Mammalia, 
the wings of the bat, the germinal membrane of the egg of oviparous 
animals, are all parts well adapted for the observation of the capil¬ 
lary circulation.^; 

The red corpuscules are distinctly seen flowing from the minute 
ramifying arteries into a network of vessels of nearly equal size 
throughout, and again collecting from this network into the radicles 
of the veins, which, by their successive reunion, form larger trunks. 

In the finest capillary vessels the red particles flow one after 
another in a single series, which is frequently interrupted for a time: 
when they flow thus singly, they appear almost colourless; when 
accumulated together in greater number, they appear yellow; and 
when in still larger quantity, they are yellowish red or red.§ 

The blood during its passage through the capillary vessels becomes 
of a dark red colour. The motion of the blood in the veins is con¬ 
tinuous, not pulsatory as in the arteries. Those veins which are 
exposed to the pressure of muscles, have pouch-like valves which 
prevent the backward passage of the blood towards the capillaries; 
consequently, any pressure on the veins, instead of interrupting, 
favours the flow of the blood towards the heart. In the veins of 
parts protected from external pressure, the valves do not exist. In 

♦ See the case observed by A. Meckel. Meckel’s Archiv. 1827. 

f Froriep’s Notiz. 537. 

i See the representation of the capillary vessels carrying blood, of the area vas- 
culosa of the egg in Pander’s Enlwickelungs-geschichte des Hiihnchens im Ei; ot 
young fishes in Doellinger’s Denkschift der Akad.der Wissenscbaft. zu Miinchen, 
Bd. vii.; of the web of the frog’s foot in Schultz's Lebens-process im Blute, Ber¬ 
lin, 1822, and in Marshall Hall’s Essay on the Circulation, tab. iii.; of different 
parts of frogs and Mammalia, Kaltenbrunner, Exp. circa statum. sanguin. et vas. 
in inflammalione, Monach, 1826; of the mesentery of the frog, Reichel, De san¬ 
guine ejusque motu. Lips. 1767, Marshall Hall, 1. c. t. iv.; of the tail of the 
stickleback, M. Hall, 1. c. t. i.; of the embryos and larvae of fishes, frogs, and 
salamanders, Baumgartner fiber Nerven und Blut, Freiburg, 1830. 

§ The circulation in the capillaries will be more minutely described at a future 
page. 
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the pulmonary veins Mayer has discovered incomplete valves; and 
E. H. Weber has observed valves in the portal vein of the horse, 
which do not exist in man. 

c. Portal circulation. 

The blood of the spleen, intestinal canal, stomach, pancreas, and 
mesentery is not returned immediately to the vena cava: the veins 
of these organs unite to form the vena portae, and their blood is in 
the first place poured by this vessel into the capillary system of the 
liver, and is thence conveyed by hepatic veins to the vena cava.* 
The hepatic capillary system is also the recipient of the blood from 
the hepatic artery; and hence the returning hepatic veins receive the 
blood both of the vena portae and of the hepatic artery. Professor 
Retzius of Stockholm, informs me that he has discovered in man 
some minute communications between the veins of the intestines 
and the branches of the vena cava. When he injected the vena cava 
and vena portae with fine injection of different colours, he found that 
the whole mesocolon and colon sinistrum were injected with both 
colours, and veins belonging to the two systems at several places 
formed anastomoses. The veins of the colon and mesocolon, which 
belonged to the system of the vena cava and entered the left renal vein, 
lay superficially, while those which belonged to the vena portae lay 
for the most part nearer the mucous membrane. The external surface 
of the duodenum also had received injection from the vena cava. 
M. Breschet too has filled the inferior mesenteric vein from branches 
of the inferior cava, and Schlemm has discovered distinct communi¬ 
cations of the inferior mesenteric vein with branches of the inferior 
cava about the anus. From this fact the inference may be drawn 
that in obstructions and congestions of blood, perhaps even in inflam¬ 
mations of the intestinal canal, abstractions of blood from about the 
anus will be of service. 

The blood of the portal vein of all the vertebrate,—and the blood 
of the afferent renal veins in fishes, amphibia, and reptiles,—has a 
second time to overcome the resistance offered by the minute canals 
of a capillary system, before it reaches the heart. I have discovered 
that in the larva of the salamander, the circulation in the liver can be 
distinctly seen when viewed as an opaque object with the simple 
microscope.! The blood of the porta in its passage through the 
capillary vessels of the liver into the hepatic veins is seen to run in 
the interstices only of the acini, and the single particles of the blood 
can be as clearly distinguished as in transparent parts. The blood 
in the vena cava, as well as in all the venous canals of the liver, flows 
in jets, probably from the advance of the blood being checked by 
each contraction of the right auricle, or of the inferior vena cava 
itself, which in frogs can be seen to contract periodically. There is 
no observable difference in the colour of the blood in the vena cava, 
the vena portae, and the hepatic veins. 

* See page 181. 

f Meckel’s Archiv. 1828. See the drawing in my treatise, De gland, penit. 
struct, tab. x. fig. 10. 
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Rate of the blood’s motion .—After this general description of the 
circulation of the blood, it remains for us to consider the rate of its 
motion and the time in which it completes its entire circuit. The 
rate of the blood’s motion in the vessels must not be judged of by 
the rapidity with which it flows from a vessel when divided. In 
the latter case, the rate of motion is the result of the entire pressure 
to which the whole mass of blood is subjected in the vascular system, 
and which at the point of the incision in the vessel meets with no 
resistance. In the closed vessels, on the contrary, no portion of blood 
can be moved forwards but by impelling on the whole mass, and by 
overcoming the resistance arising from friction in the smaller vessels. 
With respect to the time in which the circulation of a single portion 
of blood is completed, the following results have been deduced by 
Hermg from eighteen experiments on horses. The time required 
for the passage of a solution of ferrocyanate of potash of different 
strengths, which is mixed with the blood, from one jugular vein 
(through the right side of the heart, the pulmonary circulation, the 
left cavities of the heart, and the general circulation) to the jugular 
vein of the opposite side, varies from twenty to twenty-five or thirty 
seconds. The same substance was transmitted from the jugular vein 
to the great saphena in twenty seconds; from the jugular vein to the 
masseteric artery in between fifteen and thirty seconds, to the facial 
artery in one experiment in between ten and fifteen seconds, in 
another experiment in between twenty and twenty-five seconds; in 
its transit from the jugular vein to the metatarsal artery it occupied 
between twenty and thirty seconds, and in one instance more than 
forty seconds. The result was nearly the same whatever was the 
rate of the heart’s action. These results do not, however, accord 
with the estimate of the time occupied by the circulation, which is 
deduced from the quantities of blood generally supposed to be con¬ 
tained in the body, and from the quantity which can be advanced 
at each beat of the heart. According to Wrisberg, a woman lost by 
a fatal flooding twenty-six pounds of.blood, and in the beheading of 
a full-blooded woman twenty-four pounds of blood were collected. 
And if we suppose two ounces of blood to be impelled forward at 
every beat of the heart, it would require one hundred and sixty beats 
for the circulation of twenty pounds; and for the circulation of ten 
pounds of blood, which Herbst* calculates to be the quantity of blood 
contained in the human body, eighty beats of the heart would be 
required. It may, therefore, be admitted with more certainty, that 
the circulation of blood in man is completed in from eighty to two 
hundred and fourteen beats of the heart, or in from one to two 
minutes.t 

The time in which a portion of blood performs its course from one 
side of the heart to the other, varies much according to the organ it 
has to traverse. The blood which circulates from the left ventricle, 
through the coronary vessels to the right side of the heart, requires 

* De sanguin. quantit. Gottingen, 1822. For an account of Valentin’s experi¬ 
ments on the quantity of blood contained in the body, see page 140. 

f See Burdach, Physiologie, iv. p. 101—253. 
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a very far shorter time for the completion of its course than the blood 
which flows from the left side of the heart to the feet, and back again 
to the right side of the heart; so that the circulation from the left to 
the right cavities of the heart forms a number of arches, varying in 
size ad infinitum^ the smallest of these arches being formed by the 
circulation through the coronary or nutritious vessels of the heart 
itself. The course of the blood from the right side of the heart, 
through the lungs, to the left, is shorter than most of the arches de¬ 
scribed by the systemic circulation, and in it the blood flows, cseteris 
paribus, much quicker than in most of the vessels which belong to 
the aortic circulation. Although the quantity of blood contained in 
the greater circulation of the body, on account of its greater extent, 
is much more than the quantity within the lesser circulation, yet 
at any imaginary spot of the pulmonary artery, in a certain space 
of time, just as much blood passes as at any imagined point in the 
aorta; for, although in the capillaries the circulation is subject to 
great variation, in the main trunks of the closed circuit no more 
blood can leave one point than finds place at another point. If, 
therefore, we suppose the capillary vessels between arteries and veins 
to be equally large in the lungs and the rest of the body, a far greater 
number of them must be included in the same space in the lungs 
than in other parts of the body. This is found by observation to be 
the case, for in the lungs of frogs the interspaces between the capil¬ 
laries are scarcely larger, in man even smaller perhaps, than the 
diameter of the capillary vessels themselves. This has been shown 
by Cowper,Wedemeyer, Marshall Hall, Prevost and Dumas, Weber 
(in the human subject), and more recently by myself. 

Lastly, it is to be remarked, that the rapidity of the motion of the 
blood in the small branches must necessarily be less than in the 
trunks generally, if, as seems to be the case, the aggregate sectional 
area of the branches of a stem is larger than the sectional area of the 
stern itself, although this must not be regarded as strictly proved. If, 
however, we imagine all the small vessels of any single organ united 
into one trunk, and the blood to flow in a circular course from the 
artery into this trunk, and thence through the vein into the artery 
again, thus forming a closed circle, although the movement of the 
single particles of the blood will be more rapid in those parts of the 
circle where the tube is narrow, and slower where the tube is wider, 
still within a given time the same volume of blood must pass each 
and every point of the circle. 
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CHAPTER III. 

OP THE HEART CONSIDERED AS THE CAUSE OR PROPELLING POWER 
OP THE CIRCULATION OP THE BLOOD. 

The heart, like other muscular organs, contracts when irritated 
mechanically, or by galvanism. Soemmering, Behrends, and EichSt 
denied the influence of galvanism on the heart; but I have fre¬ 
quently repeated Humboldt’s and Fowler’s experiments, and have 
obtained the same results as they did. In both frogs and dogs, in 
which the heart had ceased to act, I have re-excited its contractions 
by means of a single pair of plates, or a weak galvanic pile. But 
the heart, like most other organs which are endued with involuntary 
motion only, such as the intestinal canal, is distinguished from volun¬ 
tary muscles, by the irritation exciting in it not a single contraction, 
but a succession of periodic contractions. 

The heart being thus, like all muscles, excited to action by a 
stimulus, it is very natural to conclude that the blood contained in 
its cavities, supplies the stimulus during life; and this supposition is 
strengthened by the circumstance of the heart’s action becoming 
more feeble in proportion as the quantity of blood it contains is 
diminished. 

To explain why the contractions are rhythmic, it has been said that 
the same act—the systole—by which the heart expels its stimulus— 
the blood—in one direction, causes its cavities to be again filled with 
blood from the veins. In the same way the alternation of the con¬ 
tractions of the auricles and ventricles may be explained, since the 
one cavity by its contraction gives rise to the filling of the other. 
But although a certain quantity of blood and a certain distension of 
the cavities of the heart is so necessary for the preservation of its ac¬ 
tion, and although any mechanical dilatation of the heart from within 
must have the effect of exciting it to contract; yet, since it continues to 
contract, though feebly, when emptied of its blood, it is evident that 
the stimulus of the blood in its cavities cannot be the primary cause 
on which its action depends. The regular succession of the heart’s 
contractions may be explained in another way. The heart, at each 
systole, expels the blood from its nutritive vessels, and when the 
contraction ceases, these vessels are again filled by the agency of the 
elastic coats of the arteries, which exert a constant pressure on the 
blood contained in them. Now, the re-filling of the minute vessels 
of the heart with blood during each diastole may be supposed to 
become the cause of a fresh contraction. This hypothesis, however, 
is refuted by the same fact as the former; for the heart, particularly 
that of Amphibia and Fishes, continues to contract regularly—the 
auricle and ventricle in the same succession—when it is removed 
from the body and emptied of its blood; in Amphibia, indeed, the 
action continues for hours. This might, however, be explained by 

n* 
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attribiifing it to the stimulus of the atmosphere, which, although its 
action is constant, may nevertheless excite periodic contractions.* 
J3ut the action continues in a vacuum, and an external cause like 
the air does not explain the regular succession of the ventricular 
contractions after those of the auricles. The cause, then, must be 
in some way connected with the organisation of the heart, and with 
the constant mutual action which is going on between the blood in 
the capillaries, or between the cardiac nerves, and the texture of the 
heart; and whether /this cause be constant in its action or periodic, 
the rythmic contractions of the heart are equally explicable.(a) The 
nature of the cause, however, cannot be determined in the present 
state of our knowledge. 

1. Influence of respiration on the heart's action .—When the 
chemical changes effected in the blood in the lungs are interrupted, 
—whether it be from the respiratory movements being checked, in 
consequence of lesion of the nerves on which they depend,—from 
mechanical impediments to the movements, or from the inhalation 
of irrespirable gases,—the vital action of all the organs of the body 
is depressed; and, in the higher animals, is indeed soon annihilated. 
It is true, as BichSt and Emmert have shown,t that the blood no 
longer arterialised, continues for a time to move in the arteries; and 
the heart, after the apparent death of the body, generally continues 
to beat slowly and feebly even in warm-blooded animals during 
more than half an hour; nevertheless, interruption of respiration 
enfeebles its action to such a degree, that the circulation very soon 
ceases; while, on the other hand, if, after the respiratory movements 
have been interrupted by injuries of the encephalon, but particularly 
of the medulla oblongata, or by poisoning, artificial respiration be 
performed, the circulation may be maintained for a much longer 
period, whatever be the animal on which the experiment is insti¬ 
tuted. In a dog beheaded after tying the cervical vessels, and in 
which artificial respiration was kept up, Brodie saw the heart con¬ 
tinue to beat for two hours and a half, at the rate of thirty-five pulsa¬ 
tions in a minute; and, in another dog, an hour and a half at the rate 
of thirty pulsations in a minute;^ so that the influence of the respira¬ 
tion on the heart’s action seems to be greater than that of the nervous 
system. In cold-blooded animals, however, this influence of the respi¬ 
ration, or of arterialised blood, on the heart is much less; for frogs, 
the lungs of which I had tied and removed, have lived thirty hours, the 
action of the heart still continuing; while, after destruction of the brain 
and spinal marrow in these animals, the action of the heart ceases 
much sooner, namely, in six hours; consequently, either the func¬ 
tion of respiration in frogs can be performed by the skin when the 
lungs are lost, or the brain and spinal marrow are in these animals 
much more necessary to the maintenance of the heart’s action than 
respiration. The latter is most probably the more correct explana- 

* In accordance with the law of excitability, stated at page 60. 

(fit) Dr. J. K. Mitchell, of the Jefferson Medical College, has seen the heart of 
a sturgeon, after he had excised it from the body, and inflated and hung it up to 
dry, begin again to move, and to contract regularly for ten hours. 

f Reil’s Archiv. v. 401. ij: Ibid. xii. p. 140. 
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tion; for when they can breathe neither by the lungs nor by the skin, 
namely, when they are immersed in pure hydrogen, frogs live more 
than twelve hours, as I have myself witnessed. Though here it 
must be remembered, that one great object of respiration is the 
removal of carbonic acid from the blood, and that this is fulfilled, in 
a great measure, when frogs are confined in hydrogen gas. The 
final cessation of the heart’s action, in cases where respiration is 
suspended, may indeed depend chiefly on the change which ensues 
in the nervous system when it no longer receives red blood. 

The disturbance of the circulation, after interruption of the respira¬ 
tion in the higher animals, is C(!rtainly not produced by the collapse 
of the lungs, the experiments on the production of respiration in hy¬ 
drogen oflering an impediment to the passage of the blood; for the 
motion of the blood in the arteries, as Bichat and Emmert showed, 
continues in such cases for a certain time undisturbed. 

Dr. Goodwin attributed the depression of the circulatory powers, 
after interruption of the respiration in the higher animals, to the cir¬ 
cumstance of the left ventricle ceasing to receive arterial blood, and 
supposed that the influence of this kind of blood was indispensably 
necessary to the action of the left side of the heart. To this BichSt 
replied, that in animals of which the respiration is suspended, the 
dark blood coming from the lungs to the heart does not cause the 
immediate cessation of the contractions. This and other arguments 
adduced by BfchSt* are not conclusive. It is not, however, at all 
probable that each side of the heart has a specific irritability for dif¬ 
ferent kinds of blood; for in the foetus, in which the auricles commu¬ 
nicate by the foramen ovale, and in which there is no pulmonary 
respiration, but only some peculiar change eflJected in the blood in 
its passage through the placenta, both sides of the heart receive the 
same kind of blood. If the immediate action of bright red blood on 
the heart is really necessary to the maintenance of its action, Bichat’s 
explanation is much the more probable. He supposes that interrup¬ 
tion of the respiration deprives the heart of its irritability, by prevent¬ 
ing the supply of arterialised blood to the muscular fibres through the 
coronary arteries, which now carry dark venous blood. But although 
it appears certain that arterial blood does exert an influence on the 
heart’s action, yet the relative degree in which this influence and 
that of the nerves are necessary cannot be estimated; for all disturb¬ 
ances of the respiration produce corresponding disturbance in the 
action of the nervous system. 

2. Influence of the nerves on the heart’s action .—The influence 
of the passions, and other affections of the nervous system, on the 
heart’s action, is matter of constant observation. All sudden pas¬ 
sions at first disturb and then accelerate its action; the contractions 
becoming much more vigorous and frequent under the influence of the 
exciting passions, while they are rendered feeble, at the same time 
that they are accelerated by the depressing passions. 

Nevertheless, some persons have denied the dependence of the 


* Recherches sur la vie et la mort. 
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heart on nervous influence. Thus Haller denied it, on the grounds 
that the heart continues to contract when removed from the body, 
and that irritation of the cardiac nerves does not produce those con¬ 
vulsive actions to which irritation of the nerves of other muscles gives 
rise. 

The first researches on this subject are those of Soemmering and 
Behrends on the cardiac nerves, in 1792, which tended to prove that 
the substance of the heart receives no nerves, and that all the fibres 
of the cardiac nerves in the heart are distributed to the coats of the 
cardiac vessels. This seemed to confirm Haller’s doctrine of the 
contractility of the muscles, namely, that the power is inherent in 
the muscles themselves, and not dependent on the influence of the 
nerves, and that the nerves excite contractions in the muscles in the 
same way as external stimuli, whether mechanical, electrical, or 
chemical; and it also seemed to prove that the heart not being en¬ 
dowed with the nervous stimulus, is excited to motion by the blood 
itself. The statement of the same experimenters, that galvanism 
produces no contraction of the heart, while it has this effect in all 
muscles provided with nerves, seems to confirm this view still more 
strongly. 

But Scarpa has demonstrated that the cardiac nerves are really 
distributed in great abundance to the muscular substance of the 
heart. Humboldt, PfafF, Fowler, and Wedemeyer have succeeded 
in producing contractions of the heart by means of galvanism; and I 
have repeated their experiments with success in frogs as well as in 
mammalia. I have not only excited immediate contraction in a 
frog’s heart which had ceased to pulsate, by means of a single pair 
of plates, but with a battery of forty pairs of plates have caused the 
heart of a dog in which the pulsations had ceased to contract most 
actively. Humboldt*^ states that by galvanising the cardiac nerves 
he has produced contractions of the heart. The nerves, as Burdach 
remarks, may act as moist conductors when one wire of the battery 
is applied to them, and the other to the heart; Burdach,t however, 
actually saw the contractions of the heart of a dead rabbit become 
stronger when he applied both wires of the battery to the cervical 
portion of the sympathetic nerves, or to the inferior cervical ganglion. 
Such experiments on the motor power of the nerves are not conclu¬ 
sive, unless the wires are applied to the nerves alone, and unless the 
galvanic action is very weak. Strong discharges may be transmitted 
from one point through moist conductors to distant parts, and in that 
way might be conducted by the nerves to the heart. For this reason 
the experiments of Burdach, in which he re-accelerated the action 
of the heart of a dead rabbit, after it had begun to fail, by touching 
the sympathetic nerves with caustic, potash, or ammonia, are the 
more interesting; and particularly so, since, in a dead rabbit, painful 
impressions can no longer have any effect in changing the action of 
the heart. I did not, however, myself, succeed in obtaining the 

* Ueber die gereizte Muskel-und Nerven-faser, i. 342. 

f Physiol, iv. 464. 
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same result on repeating this experiment. The experiments which 
Brachet* and others have instituted on living animals, for the pur¬ 
pose of determining the irritability of the nerves, are of no value with 
regard to the heart, its action being so much affected by painful 
impressions. 

Another phenomenon which distinguishes the heart from other 
muscles is the persistence of its rhythmic contractions in their regular 
order in the different cavities, even when removed from the body 
and emptied of its blood. This cannot be explained otherwise than 
by supposing the heart under these circumstances to retain with its 
nerves some specific nervous influence.t The influence of the nerves, 
therefore, seems to be the ultimate cause of the contractions of the 
heart; as the great effect which irritations of the brain and spinal 
marrow, and passions of the mind, have in modifying its action also 
tends to show. If it were possible to destroy the vital function of the 
nerves, without at the same time depriving the muscles of their 
power of contraction, this question might be set at rest; but unfor¬ 
tunately the narcotic agents, which, when applied to the nerves, take 
from them their property—when irritated—of exciting contractions 
in the muscles to which they are distributed, render the muscles in¬ 
capable of exercising their contractile power when the nerves are 
irritated. Opium applied to the heart of a frog soon puts a stop to 
its motion; this effect being produced, as Henry has shown, very 
rapidly when the narcotic is brought into contact with the inner sur¬ 
face of the organ, but more slowly when it is applied merely to its 
outer surface. It is evident, however, that the nerves have a great 
share in the heart’s action, from the sudden disturbance and cessation 
of the rhythmic movements when the whole spinal marrow is sud¬ 
denly destroyed. 

Influence of the brain and spinal cord on the heart’s action .— 
The inquiry respecting the part of the nervous system whence this 
influence on the heart is derived, whether from the cardiac nerves 
and sympathetic system, or through the medium of these from the 
spinal marrow and brain, was originated by Bichat. Before entering 
into this inquiry, it will be necessary to give a sketch of the principal 
divisions of the nervous system. The functions of the two systems 
of nerves were more exactly defined by Bichat. The nerves arising 
from [connected with] the brain and spinal marrow have, for the 
most part, the power of exciting voluntary motion in the muscles to 
which they are distributed, but lose this power when their connec¬ 
tion with the nervous centres is cut off; and the nerves arising from 
the spinal marrow are also deprived of the power of communicating 

♦ Recherches sur le systeme ganglionaire. 

I Remak (Casper’s Wochenschrift, No. X. 1839) states, that the minute 
branches of nerves which he had traced into the muscular substance of the heart 
in man, as well as in many mammiferous animals, consist like other parts of the 
sympathetic nerve of the peculiar gray organic nervous fibres beset with small 
gjinglia (see the fourth chapter of the second section in the book on the Nervous 
System). And by the presence of these numerous ganglia, or centres, of nervous 
influence, he explains the continuance of motion in the heart after its separation 
from the body. But it must be remarked, that Valentin denie.s the existence of 
these gangliated organic fibres. 
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volition when their connection with the brain is interrupted by injury 
of the spinal marrow. Nevertheless, one of these nerves thus cut off 
from its source of volition—the’nervous centres,—still retains for a 
time the power of exciting involuntary contractions of muscles when 
it is irritated mechanically or by galvanism. 

The parts to which the branches of the sympathetic nerve are 
distributed, for example, the heart, intestines, and uterus, are en¬ 
dowed by them with involuntary motion only. The sympathetic 
nerve is connected with the brain and spinal marrow indirectly only, 
through the medium of the cerebro-spinal nerves. BichSt called the 
cerebro-spinal nerves “ the nerves of animal life,” the sympathetic 
nerves he styled the “ nerves of organic life,” and ascribed to the 
latter a certain independence of the brain and spinal marrow, regard¬ 
ing the ganglia and plexuses as their nervous centres. Recently a 
discovery has been made, which in the history of physiology ranks 
second only to the discovery of the circulation of the blood; it is, that 
the nerves which arise by an anterior and posterior root from the spinal 
cord derive their power of exciting contractions in the muscles from 
the anterior root, and theij power of sensation from the posterior root. 
This discovery is due to Charles Bell. I have since proved that me¬ 
chanical and galvanic stimuli applied to the posterior root have no 
power of exciting contraction in the muscles to which the spinal nerves 
are distributed. Scarpa* not long since endeavoured to show that the 
connection of the sympathetic nerve in the chest with the commence¬ 
ment of the spinal nerves, implicates the posterior roots only of the 
latter nerves, and not their anterior roots; and, consequently, that 
the sympathetic nerve can neither be intended to communicate motor 
power to the heart from the spinal marrow, nor possess motor power 
itself. The researches of Wutzer and myself, as well as those of 
Retzius and Meyer, have shown, however, that Scarpa is incorrect, 
and that the communicating branches between the sympathetic nerve 
and the spinal nerves receive their fibres from the anterior motor, as 
well as from the posterior sensitive roots of the spinal nerves.t The 
principal experiments made with a view to elucidate the influence 
of the spinal cord and brain on the motions of the heart, are those 
of Legallois, Philip,^ Treviranus, Nasse, Wedemeyer, Clift, and 
Flourens. 

New facts were brought forward by Legallois§ to prove that the 
cause of the heart’s action resides in the spinal cord alone. 

Dr. Wilson PhilipH has shown, however, that the experiments of 
Legallois have not explained the whole relation between the brain, 
spinal cord, and sympathetic nerves. When an animal is deprived 
of voluntary motion and sensation by a blow on the occiput, respi¬ 
ration ceases, but the heart’s action still continues, and may be sup¬ 
ported for a long time by keeping up artificial respiration. If the 

* Scarpa, De gangliis nervorum, deque origine et essentia nerv. intercostalis; ad 
H. Weber. Annal. univers. d. medicina. Magg. e. Giugn. 1831. 

t See Meckel’s Archiv. 1831, i. p. 85. 260. 

Inquiry into the Laws of the Vital Functions. 

- § Exp. sur le principe de la vie. Paris, 1812. 

11 Inquiry into the Laws of the Vital Functions. 
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spinal cord and brain are now wholly removed by the knife, the 
heart nevertheless still continues to beat, though feebly; and even 
when the spinal marrow and brain are destroyed by a hot wire, the 
heart’s action generally continues. Hence Wilson Philip is led to a 
conclusion the very opposite of that of Legallois,—namely, that the 
heart’s action is essentially independent of the brain and spinal mar¬ 
row; although, as his experiments seem to show, the influence of 
both brain and spinal cord has a great share in the sympathetic affec¬ 
tions of the sympathetic nerve and heart. 

The conclusions deduced by Flourens from his experiments on 
fishes were, that the action of the heart depends solely on the respira¬ 
tion, and ceases when the respiratory movements are put an end to by 
injury of the portion of the nervous centre on which these movements 
depend; and therefore that in fishes, the respiratory movements of 
which depend on the medulla oblongata only, circulation continues 
after injury to other parts of the cord. Dr. Marshall Hall,* however, 
has seen the circulation in fishes endure for a long time after destruc¬ 
tion of the medulla oblongata. But he allows that the heart is in 
some measure dependent on the spinal cord and brain.t 

The experiments of Legallois, Philip, and others, considered in 
connection with facts already known, namely, that the heart when 
removed from the body still continues to beat for a long time (as is 
strikingly seen in the hearts of reptiles, amphibia, and fishes); that 
depressing aflections of the nervous system weaken the force of the 
heart’s action; and that, with nervous fainting, feebleness of the cir¬ 
culation is combined, appear to warrant the following inferences:—1. 
That the brain and spinal marrow have a great influence on the mo¬ 
tion of the heart; and that its movements may, through their agency, 
be accelerated or retarded, depressed or invigorated. 2. That the 
heart’s action still continues for a certain time after simple removal 
of the spinal cord and brain from the body. (Flourens observed that 
pulsation of the carotids continued for more than an hour in rabbits 
under these circumstances, artificial respiration being kept up.) 
That, under these circumstances, however, the heart’s motions are 
much feebler, and the circulation not maintained perfectly for any 
long period. 3. That even when the heart is cut from the body, and 
consequently separated from the greatest part of the sympathetic 
nerve, its contractions still continue for a short time. 

The heart is not so much dependent on the influence of the brain 
and spinal marrow that the removal of these organs immediately 
annihilates its power of motion. The cardiac nerves, under such 
circumstances, still retain a portion of the motor influence, and even 

* Essay on the Circulation. 

t On this subject consult Treviranus, Biol, iv. 644.—Clift, Phil. Trans. 1815.— 
Wedemeyer, Physiol. Untersuch. iiber das Nervensystem und die Respiration; 
Hannov. isi?.—Nasse, in Horn’s Archiv., 1817, 189.—Flourens, Versuche iiber 
die Eigenschaften und Verrichtungen des Nervensystems; Leipz. 1824.—Nasse, 
Untersuch. zur Lebensnaturlehre; Halle, 1818; which contains an elaborate re¬ 
view of the experiments of Legallois, and a luminous statement of the whole sub¬ 
ject. See also Lund, Physiol. Resultate der Vivisect, neuerer Zeit; Kopenh. 
1825, 162. 
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in the small part of these nerves which can be contained in a heart 
cut from the body, there still remains sufficient nervous power to 
enable the organ to continue its motions for a short time. But the 
brain and spinal marrow must nevertheless be regarded as a princi¬ 
pal source of the nervous influence; for their destruction enfeebles 
the heart’s action to such a degree, that, although it is continued for 
a considerable time, its force is not sufficient to keep up the circula¬ 
tion. The only mode of ascertaining the degree in which the heart 
is subject to this influence is that adopted by Nasse. He measured 
the height of a stream of blood which issued from a divided artery 
in the normal state, then destroyed the spinal cord or single parts of 
it, and he found that the height of the stream of blood had in a few 
minutes diminished, and in degree proportioned to the injury. 

The sympathetic nerve, however, is certainly not dependent on 
the brain and spinal marrow in the same degree as the cerebro-spinal 
nerves. This is evident from the single fact, that in fishes the con¬ 
tractions of the heart continue for the space of half a day after de¬ 
struction of the brain and spinal marrow. 

Circulation in acephalous monsters .—In monsters in which brain 
and spinal cord are wanting, the circulation seems to be still more 
independent of the nervous centres; but the anatomy of these mon¬ 
sters is not at present known with sufficient accuracy for any con¬ 
clusion with regard to the present question to be drawn from them. 
In hernicephalous monsters the brain has mostly been destroyed by 
hydrocephalus, and the same disease may also destroy the spinal 
marrow. 

In acephalous monsters the heart also is generally, but not always 
absent; and the vascular system consists generally only of two sys¬ 
tems of vessels connected, not by their trunks, but only by their 
capillaries, the umbilical vessels being branches of these trunks.* 
Winslow’s case is the only one in which the umbilical vein was con¬ 
tinuous with the arterial trunk, resembling that condition of the 
embryo in which the heart is merely the part at which the venous 
trunk makes a bend and is continuous with the arterial. Brachett 
has collected all the accounts of acephalous monsters in which the 
spinal marrow also was deficient.^ The case mentioned by Ruysch,§ 
in which an inferior extremity was connected with the placenta of a 
well-formed foetus, is particularly remarkable. Emmert|l has de¬ 
scribed a product of conception which consisted almost entirely of 
an extremity hung to an umbilical cord, and contained vessels, arte¬ 
ries, and veins, and a short stump of spinal marrow.lF There is no 
difficulty in explaining the circulation of the monster without heart 
and spinal marrow, when its vessels are merely branches of the ves¬ 
sels of the umbilical cord of another foetus, as was the case in the 

♦ Tiedemann, Anat. d. Kopflos. Missgeburt; Lanshut, 1813. 

f Loc. cit. 

ij: See also Meckel, Pathol. Anat. i. Elben, De Acephalis; Berol. 1821. 

§ Thesaur. Anat. ix. p. 17. tab. i. fig. 2. 

II Meckel, Archiv. vi. 

^ A similar case is described by Hayn, Monstri unicum Pedem referentis De- 
scriptio anatomica. Berol. 1824. 
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monster described by Riidolphi,* which consisted of a head only, 
and in the case which I observed myself of a head which was con¬ 
nected by arteries and veins with the umbilical vessels of a com¬ 
pletely formed child.t Rudolphi, to explain the circulation in other 
monsters without heart, says that the blood of the mother passes to 
the foetus through the umbilical vein, which is distributed through it 
like an artery, and that the arteries of the foetus bring back the blood 
to the umbilicus and placenta.^ This explanation, however, is con¬ 
tradicted by anatomy, for the vessels of the foetus or placenta do not 
really communicate with those of the mother. 

Influence of the sympathetic nerve on the heart’s action .— 
Ackermann strangely asserted, without any grounds, that the sym¬ 
pathetic nerve is the part first formed in the foetus. The very meri¬ 
torious Rolando has also deserved censure in declaring the first traces 
of the vertebrae, at the side of the spinal cord in birds, to be ganglia 
of the sympathetic nerve. 

Not onty brain and spinal cord, but all the organs in their state of 
vital action, and consequently the whole system, react upon the sym¬ 
pathetic nerve through the medium of the nervous fibrils accom¬ 
panying the blood-vessels, and excite its peculiar motor power. The 
constant source of the heart’s contractility is, therefore, primo loco 
the motor power of the sympathetic nerve. But the maintenance of 
this power, and its excitement, are dependent not only on the brain 
and spinal cord, but probably on the vital stimulus, transmitted by 
all the organs of the body, through the medium of the nerves ac¬ 
companying the vessels, to the central portions of the sympathetic. 
Hence it is that a local affection excites a general feeling of illness in 
the whole body, and that a very violent local disease can affect the 
heart’s action and the pulse. 

The modifications which the minute radicles of the sympathetic 
in any part undergo from violent local disease, and the reaction of 
these modifications on the central parts of the sympathetic system,— 
the cardiac nerves and plexuses,—as well as on the brain and spinal 
cord, seem to have a main share in the phenomena which we call 
fever. 

No observations have at present been made on the influence of 
particular portions, or regions of the sympathetic nerve, on the heart’s 
action. The only facts bearing on this point are those ascertained 
by Pommer,§ who found in fifteen experiments that the division of 
the sympathetic in the neck had generally no important consequences. 
Several cerebral nerves being intimately connected with the sympa¬ 
thetic nerve, and the nervus vagus in particular having an essential 
share in the composition of the cardiac plexus, it would be very de- 

♦ Abhandl. d. Akad. zu Berlin, 1816. 

f Muller’s Archiv. 1834,179. See also the description of therudimentary mon¬ 
ster represented by Gurlt. (Pathol. Anat. 2. Bd. tab. 16. fig. 1—4.) And the dis¬ 
section of an imperfect foetus which was connected by its vessels with another 
perfect foetus, by Sir A. Cooper. Guy’s Hospital Reports, vol. i. 

f: Encyclop. Wdrterbuch der med. Wissensch. i. 126. 

§ Beitrage zur Natur-und Heilkunde; Heilbronn, 1831. 
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sirable to know, also, what influence these nerves exert on the heart’s 
action. J^rnmert observed that division of the nervns vagus produces 
but very slight disturbance in the circulation; and BichSt and Legal- 
lois with justice remark, that the effects produced on the heart’s beat, 
which are by no means considerable, cannot with certainty be ascribed 
to the division of the nerve, since the mere pain and fear produced 
by the operation might give rise to them. 


CHAPTER IV. 

OP THE INDIVIDUAL PARTS OP THE VASCULAR SYSTEM, AND THEIR 
RESPECTIVE SHARES IN THE CIRCULATION OP THE BLOOD. 

0/ the arteries .—The middle coat of arteries is composed of 
fibres and bundles of fibres, surrounding the vessel in a circular 
direction, which differ in chemical and physical properties as well 
as in form from muscular fibres. The fibres of the middle coat 
of arteries agree in every respect with those of the elastic tissue 
found in other parts, such as the ligamentum nuchje of mammalia, 
the ligamenta flava of the vertebrae, the yellow ligaments of the 
larynx, the yellow fibres of the membranous part of the trachea 
and bronchi, the elastic ligament of the wing of birds, the elastic 
ligaments of the last phalanx of the toes in feline animals, &c. 
The elastic tissues are distinguished from all other tissues, not 
only by their yellow colour, but more especially by the character 
of their fibres, which, unlike all other known animal fibres, have 
been observed by Lauth* and Schwannt to divide and anasto¬ 
mose. In chemical properties the elastic tissues resemble the cellu¬ 
lar and other tissues which yield gelatin by boiling, and of which 
the solution in acetic acid is not precipitated by ferrocyanide of 
potassium. Eulenbergf has recently discovered that, after long- 
continued (many days’) boiling, they give out some gelatin, which 
differs, however, from the ordinary gelatin, being more like the 
“chondrin” which I have remarked to be afforded by cartilages 
and the cornea in boiling. The elasticity of the middle coat of 
arteries, the influence of which on the circulation of the blood 
will be described, is preserved for many years in alcohol. A por¬ 
tion of the aorta of a young whale, which I have received from 
my friend Professor Eschricht, is still highly elastic, although it 
has been several years in alcohol. Thin laminae cut from it, 
are found, when extended, to have the same elasticity as caout¬ 
chouc. All elastic tissues retain their elasticity in the same way; 
this I have ascertained by experiment on all the elastic ligaments 
above-mentioned, after they had been kept up in alcohol. In fact, 
the contractility of the fibrous coat of arteries is physical elasticity, 

* Muller’s Archiv. 1835, p. 4.—L’Institiit, Jun. 14, 1834. 

I Eulenberg, de Tela Elastica. Berol. 1836.—Muller’s Archiv. 1836, p. xxv. 

I Loc. cit. 
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not a vital property; it is exerted only after previous distension; for 
example, after the distension of the arteries by the blood impelled 
into them by the heart’s contraction. The internal coat of arteries 
also consists of similar elastic fibres, which are disposed either longi¬ 
tudinally or irregularly in all directions, and become more minute as 
they are nearer to the inner surface of the vessel, until at length dis¬ 
tinct fibres /:an no longer be perceived. A very delicate layer of 
epithelium scales, with oval nuclei, occupies the inner surface.* * * § The 
external coat, both of arteries and of veins, contains some elastic 
fibres, but the middle coat of veins is destitute of them. In the crural 
vein of the ox, Schwann found a thick middle coat formed of trans¬ 
verse fibres; but these were fibres of cellular tissue; within this, how¬ 
ever, there was an extremely thin layer of longitudinal proper elastic 
fibres.t 

Cause of the pulse .—By each contraction of the ventricle a fresh 
portion of blood is propelled into the aorta, and the rapidity and 
force of the circulation in the arteries is increased. The periodic 
acceleration of the motion of the blood in the arteries thus produced, 
was proved by the following experiment of Dr. Hales: having in¬ 
troduced a tube into an artery, he observed that at every beat of the 
heart the blood rose within the tube one or even several inches. The 
blood is not able to escape from the arteries as quickly as it is forced 
into them, by the ventricle, on account of the resistance it experiences 
in the capillaries. Hence it exerts a pressure on the elastic coats of 
the vessels, and thus gives rise to the pulse, which being dependent 
on the contraction of the ventricle, is, in general, synchronous with 
it. In consequence of the pressure exerted by the blood, the coats 
of the arteries become extended at each systole of the heart, while, 
during the diastole, they recover their former state by virtue of their 
elasticity. The extension of their coats takes place both in length 
and in the direction of their diameter, but the elongation is by far 
the most considerable. A necessary consequence of their elongation 
is, that they change their position and become curved; but they 
straighten themselves and recover their original situation when the 
ventricular contraction has ceased. Rudolphi, Laennec, Arthaud, 
Parry, and Doellinger, denied that the arteries undergo any dilata¬ 
tion. We have, on the other hand, the authority of Bichat, Von 
Walther, Tiedemann, Meckel, Hastings, Magendie, and Wede- 
meyer, for its existence: and in the entire course of the pulmonary 
artery in the lung of the frog, the dilatation, as well as the incurva¬ 
tion of the vessel, can be seen with the greatest distinctness. I have 
also witnessed it in the abdominal aorta of the frog, and once quite 
satisfactorily in the aorta of the rabbit. The dilatation must, how¬ 
ever, he less considerable than the elongation, for it is not always 
observed with distinctness. J Poiseuille,§ indeed, has measured the 

* Henle, Muller’s Archiv. 1838, p. 127. 

f Schwann, Encyclop. Worterbuch. der med. Wissensch. Art. Gefasse. Eulen- 
berg, De Tela Elastica. Berlin, 1836. 

ij; See the observations of E. H. Weber, Hildebrandt’s Anat. t. iii. p. 67. 

§ Magendie’s Journal, t. ix. p. 44. 
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degree of this dilatation of the arteries. His experiment was inge¬ 
nious: he laid bare the common carotid of a living horse for the 
space of three decimeters, or about twelve inches, and passed 
beneath it a tube of white metal, open at one side, which he after¬ 
wards closed by means of a narrower portion, so as to complete the 
tube; he then stopped the ends with wax and fat, and filled the in¬ 
terior of the tube around the artery with water, by means of a glass 
tube which was connected with the metallic tube. At every pulsa¬ 
tion the water rose 70 millimeters* in the glass tube, the diameter of 
which was 3 millimeters, and fell again the same distance during 
each pause. The included portion of artery measured in length 180 
millimeters, and its capacity equalled 11,440 cubic millimeters; and 
since at every beat of the heart it underwent an increase of capacity 
equal to a column of water 3 millimeters in diameter and 70 milli¬ 
meters in height, or about 494 cubic millimeters, it follows that it 
was dilated about 2 *^ of its capacity. 

The pulse in different arteries. —It was asserted by Bichat, and 
is commonly admitted, that the pulse is synchronous in all the arte¬ 
ries of the body, whatever be their distance from the heart. 

Weitbrecht, Liscovius, and E. II. Webert have shown, however, 
that this is not the case. The pulsation of the arteries near the 
heart is synchronous with the contraction of the ventricle. But at 
a greater distance from the heart the arterial pulse ceases to be per¬ 
fectly synchronous with the heart’s impulse, the interval varying, 
according to Weber, from one-sixth to one-seventh of a second. 
Thus, the pulse of the radial artery even is somewhat later than that 
of the common carotid. The pulse of the facial, at about the same 
distance from the heart, is isochronous with that of the axillary 
artery; while the pulse is felt somewhat later in the metatarsal artery 
on the dorsum of the foot, than in the facial artery and common 
carotid. Weberf has explained the cause of this difference. If the 
blood circulated in perfectly solid tubes, whose walls admitted of no 
extension, the impulse of the blood, driven by the ventricle into the 
arteries, would be communicated even to tlie end of the column 
of blood, with the same rapidity with which sound is propagated 
through this fluid,—much quicker, namely, than in atmospheric air; 
the pressure of the blood would be transmitted to the finest extremi¬ 
ties of the arteries, with no perceptible loss of time. But, in conse¬ 
quence of the arteries admitting of some extension, particularly in 
length, the impulse given to the blood by the heart distends first 
merely the arteries nearest to the heart. These, by their elasticity, 
again contract, and thus cause the distension of the next portion of 
the arterial system, which also, in its turn, by contracting, forces the 
blood into the next portions, and so on; so that a certain interval of 
time, although a very short one, elapses before this undulation, re¬ 
sulting from the successive compression of the blood, atid the dilata¬ 
tion and contraction of the arteries, reaches the most distant parts of 

♦ A millimeter equals 0'03937 of an English inch. 

+ In his Treatise De Pulsu non in omnibus Arteriis plane synchronico. 

i Adnotat. Anatom. 
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the system. Weber compares this action to the propagation of the 
undulations produced by a stone thrown into a lake; in which case, 
likewise, the undulations are not transmitted with the rapidity of 
sound. The rapidity of the transmission of undulations in water 
twenty-three inches deep is, according to the experiments of the 
MM. Weber,* five and a half Paris feot in a second. BichSt con¬ 
founded the motion of the undulations in a river with the movement 
of the water itself, and believed the pulse to be produced, not by 
the progressive undulations, but by the impulse communicated at 
the same moment to all the arterial blood. The motion of undula¬ 
tions always depends on the oscillations transmitted from the point 
where the impulse is applied, and never on the progressive motion 
of the fluid itself. The water of an undulation rises and falls, but 
remains in the same place, while the undulation and the oscillation 
of its particles are propagated onwards in successive portions of 
water. Thus it is that very light bodies on the surface of undulations 
though they rise and fall, remain in the same spot, while the undula¬ 
tion is progressive. 

For the transmission of the pulse a continuous column of blood is 
required; if the arteries were empty at different points, the transmis¬ 
sion of the pulse, as Weber remarks, would be much slower, or 
quite interrupted; for the parts of the arteries which contained no 
blood must be filled by the current of the blood before the impulse 
could be transmitted onwards, and the velocity with which the 
blood itself moves is much less than that with which the impulse is 
propagated. Hence Weber explains the fact of the pulse, in an 
artery affected with aneurism, not being synchronous with the heart’s 
action and with the pulse of other arteries; for the coagulum in the 
aneurismal sac, or spaces in it which are not quite filled with blood, 
may impede the propagation of the impulse. 

The arterial pulse, then, we may conclude, is the effect of the 
oscillation propagated along the coats of the arteries, and in the 
blood itself, in consequence of the pressure exerted upon the column 
of blood in the aorta by the heart in its contraction.^ 

Motion of the blood in the arteries. —The elastic coat performs 
an important use, as Weber remarks, in rendering the motion of the 
blood continuous, by its reacting in the intervals of the heart’s action 
on the blood forced into the arteries at each systole. The blood 
escapes from a divided artery in a continuous stream, although this 
stream is accelerated at intervals, and the periodic acceleration be¬ 
comes less perceptible in proportion as the arteries diminish in size. 
Weber remarks, that in this respect the vascular system resembles 
the fire-engine; in which the water is made to flow in an uninter¬ 
rupted stream by the elasticity of the air in the air vessel, which con¬ 
tinues to act upon the water, while the piston remits its pressure.^ 

* Wellenlehre. Leipsic, 1825, p. 188. 

t Weber, Adnotat. anatom, et physiol, prolus. i. 

rf Weber, 1. c. De utilitate parietis elastic! arteriarum. Hildebrandt’s Anato- 
mie, iii. p. 69. 
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The action of the regulator of bellows is the same. By ossification 
of the arteries this elasticity is lost, and a disposition to apoplexy, 
gangrene, &c., is the consequence. 

Contract ion of arteries in proportion to the volume of their con¬ 
tents. —By virtue of their elasticity, arteries possess the remarkable 
property of diminishing their capacity in proportion to the quantity 
of blood they contain, and in proportion as it escapes from them 
when divided; for this reason, when an artery is divided, the stream 
of blood which flows from it becomes gradually smaller. In a horse, 
which Hunter let bleed to death, he found that the aorta had con¬ 
tracted to the extent of more than ^yh of its diameter; the iliac 
artery, ^th; the crural artery, id; and that arteries of the thickness 
of the radial in man were completely closed.* The more forcibly 
the heart acts, the more are the arteries extended, and the more blood 
do they contain in proportion to the veins. On the contrary, when 
the heart’s action is feeble, the coats of the arteries are more able to 
resist the impulse of the blood; they become less distended, and, con¬ 
sequently, contain proportionably less blood than the veins. This 
is what takes place just before death, and it is one cause of the ab¬ 
sence of blood in the arteries after death; they are, in fact, for the 
most part, not quite empty, but contain as much blood as they are 
able to admit in their most contracted state. Imbibition by the coats 
and surrounding tissues will cause a still farther disappearance of 
the blood. The gradual diminution in diameter which I, as well as 
Parry and Tiedemann, have observed arteries that have received 
no injury to undergo during the dissection of a living animal, need 
be attributed neither to the stimulus of the air, nor generally to the 
vital contractility of the arteries: it is a necessary consequence of the 
diminished force of the heart’s action under such circumstances. 

The arteries are not muscular. —The old writers and many 
recent physiologists, have erroneously regarded the contraction of 
the arteries which follows their dilatation as a muscular act, and 
have looked upon the fibres of the middle arterial coat as muscular 
fibres. But the fibres of the elastic coat of arteries differ, as we have 
already mentioned, from muscular fibres both by their physical and 
chemical properties, as well as by their form, and here the question 
might be at once dismissed without farther discussion. 

The different arguments for the existence of the pretended muscu¬ 
lar contractility of arteries, which have been adduced from compara¬ 
tive and pathological anatomy, are of no weight. The dorsal vessel 
of insects, and the principal, though not all the vascular trunks of the 
Annelida,—for instance, the leech,—certainly contract by muscular 
force. But these parts are hearts; for we have already shown that 
in the lower animals, as in the embryo, the heart is nothing more 
than a dilated part of the vascular system endued with contractility. 
The acephalous monsters, also, in which the heart is almost uni¬ 
formly absent, have been adduced in favour of the muscular con¬ 
tractility of arteries; for in these beings the circulatory system consists 


* Abernethy, Physiol. Lectures, 224. 
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of two sets of vessels connected at two different points by a capillary 
system, namely, in the placenta, and in the organs of the body; but 
here the heart is merely reduced to the simple tabular form. In 
many cases, also, the vessels of the acephalous monster are simply 
branches of the umbilical vessels of a second perfect embryo.* * * § The 
bulbils aortse of fishes and amphibia contracts, it is true, quite dis¬ 
tinctly. I have even seen the bulbus aortse of the frog, when cut 
away with the aorta, contract as perfectly and distinctly as the heart 
itself. But this part is quite diflerent from the aorta; it belongs to 
the heart, and is peculiar to those animals which, during their whole 
life, or during the first period of it, have a branchial circulation. 
The aorta of frogs beyond the bulb does not possess a trace of 
contractility; and Spallanzani,! who otherwise contends against the 
muscular contractility of arteries, is quite wrong when he asserts 
that the descending aorta of the salamander continues to pulsate 
when dissected from the body. Dr. Marshall Hall thought he had 
discovered an artery passing over the great transverse process of the 
third vertebra in the frog and toad, which continued to pulsate after 
the heart had been removed. But in this he was mistaken; there is 
in that situation in frogs a peculiar puLsating lymphatic heart,! which 
is not, however, connected with an artery, but with a vein. Nor is 
the oscillating motion of the blood after tying the aorta of the frog, 
when the blood alternately advances and retrogrades for a short dis¬ 
tance, but without regularity, any proof of the muscular contraction 
of the arteries, although Dr. Marshall Hall adduces it as such. It is 
entirely the result of the elasticity of the arteries, and of the different 
mechanical impediments to the course of the blood. The vena cava 
of fishes close to the heart, possesses muscular contractility, and, 
according to Nysten,§ contracts on the application of galvanism; 
Wedemeyer|l also observed this phenomenon both in warm and cold¬ 
blooded animals. Their observations are perfectly correct: I have 
seen the termination of the inferior, and both superior cavse of the 
frog, and of the pulmonary veins and cavse of young warm-blooded 
animals, contract regularly; the venous trunks of the frog continue 
to contract even after the removal of the heart and auricle. But the 
rest of the venous system exhibits no trace of contractility either 
when under the influence of galvanism or at other times. If Flou- 
rens has seen regular contractions of the large veins in the abdomen, 
they evidently must have been produced by the action of the lym¬ 
phatic hearts which I have discovered in the frog, and which pump 
the lymph into the jugular and ischiadic veins. The caudal heart of 
the eel at the extremity of the caudal vein is contractile, but the vein 
itself not at all so. The arteries of the thoracic fins of the chiniaera, 
according to Duvernoy, seem likewise to have accessory hearts. 

It has been urged as an argument for the muscularity of arteries, 

• See page 204. 

t De’ fenomeni della circolazione. Modena, 1773. 

! See the Section on the Lymph and the Lymphatic Vessels, Chapter ii. 

§ Loc. citat. p. 351. 

11 Loc. citat. p. 47. 
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that tlie pulse sometimes differs in strength in corresponding limbs; 
for example, in paralysis; but here tljere are other local causes 
present to explain the anomaly. In paralysed limbs the reciprocal 
vital action between the blood and the solids is diminished; they are 
lax and shrivelled, and often less nourished; while, on the contrary, 
in active congestion, the increase of the vital processes going on be¬ 
tween the blood and the texture of the parts,—the increased organic 
affinity,—induces a greater flow of blood to the part, and a conse¬ 
quently stronger pulse. In inflamed parts, in which there is accu¬ 
mulation of blood and impeded circulation through the capillaries, 
the strength of the pulse is increased. But there is no credible 
authority for the assertion that the pulse ever differs in frequency in 
different parts, and it is inconceivable how writers in these days can 
repeat such fables without examining into their accuracy. The rapid 
expulsion of the blood when an artery is punctured between two 
ligatures is also merely the result of the elasticity of the coats. 
Lastly, it has been argued for the muscularity of the arteries, and 
their active participation in the motion of the blood, that gangrena 
senilis occurs principally where the arteries are ossified. But, as 
Wedemeyer remarks, this disease sometimes occurs where the arte¬ 
ries are not ossified, and such a state of the arteries does not always 
produce grangrene, so that gangrena senilis requires other causes for 
its production; and the old error, “cum hoc, ergo propter hoc” is of 
no weight.* 

Not merely, however, are all these arguments for the muscularity 
of arteries without grounds, but there are also counter-arguments to 
disprove their muscularity. Berzelius justly remarks, that the 
strongest galvanic and electric stimuli, which produce contractions 
in all true muscular structures, excite not the slightest motion in arte¬ 
ries. Nystent repeatedly instituted galvanic experiments on the 
aorta of criminals just beheaded, but did not perceive the slightest 
contraction; nor could he excite any contractions in the aorta ab- 
dominalis of fishes by means of galvanism. Bichat had previously 
performed similar experiments with the same results; and Wede¬ 
meyer also has endeavoured to produce contractions in the carotids 
and thoracic aorta of many animals with a galvanic pile of fifty pairs 
of plates, but has always failed. I have myself made frequent ex¬ 
periments, with the aid of galvanism, to determine this question; 
and neither in frogs, with feeble or powerful degrees of the galvanic 
influence, nor in mammalia,—for instance, rabbits,-Lwith a pile of 
from sixty to eighty pairs of plates, have I been able to produce the 
slightest trace of contraction of the arteries. It has been remarked 
by Bichat and Treviranus, that the heart also is insusceptible of the 
stimulus of galvanism, but that is perfectly erroneous (see page 197). 

Mechanical irritation has as little effect as galvanism in producing 
contraction of the arteries. The application of chemical irritants, 
such as mineral acids and muriate of lime, certainly gives rise to con- 

* On all this subject consult Wedemeyer, loc. cit. 

I Recherches de Physiol, et Pathol, chimiques. Paris, 1811. 
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striction of tlie arteries; but it is by producing a chemical change in 
their texture,—in many cases by extracting a part of the water 
which they contain;* so that this by no means tends to prove their 
muscularity. The irritability of the muscles in mammalia never 
endures more than three quarters of an hour after death, while the 
contraction of the arteries on the application of chemical substances 
can be produced after the expiration of several days; and other non- 
muscular parts, such as the skin, are also susceptible of it. Zirnmer- 
mant observed contractions in fat on the application of sulphuric 
acid. Tiedemann and GmelinJ observed that sulphuric acid caused 
arteries to contract which had been preserved a year in spirit. Hot 
and boiling water also, as Wedemeyer§ remarks, even on the fourth 
day after death, produce in the human skin a contraction and wrink¬ 
ling very similar to muscular contraction; and we can with acids cause 
similar contractions in muscular fibres which have lotig lost their irri¬ 
tability, as also in the peritoneum, and the skin. All this proves that 
most animal tissues, without distinction, whether they possess mus¬ 
cular contractility or not, may, both in the living and in the dead state, 
exhibit contractility on the application of chemical irritants, from the 
operation of chemical affinities. These contractions, however, are 
altogether different from muscular contractions, which can no longer 
be induced when the parts have lost their vitality, and are excited 
not merely by chemical, but also distinctly and quickly by mechanical 
irritants, and by galvanism. Dr. Hastings]! was in error when he 
imagined the contractions produced by chemical agents to be mus¬ 
cular in their nature; and also when he failed to recognise that the true 
cause of the contraction of the arteries, which follows their dilatation 
or pulse, is the elasticity of the coats,—the same property which pro¬ 
duces in arteries injected with fluid by jerks after death, as well as 
during life, all the phenomena of the pulse.lT 

Insensible vital contractility of arteries .—From all these facts it 
results that the circulation is in no way dependent on periodic mus¬ 
cular contractions of the arteries; and that the diminution of diameter 
of the arteries after their extension by the impulse of the blood forced 
into them, is an effect of their elasticity alone. But, whether the nar¬ 
rowing of arteries observed in arresting hemorrhage from them, in 
exposing them to the air, and in the operation of torsion, is wholly 
an effect of elasticity, or whether, in addition to this, they possess 
the vital property of gradual, not periodic, contraction— tonus ,— 
admitted by Parry, Weber, and Tiedemann, and by the last-named 
physiologist believed to exist also in the trunks of the lymphatics,— 
is quite a different question. Several observers had seen a slow con¬ 
traction of the small arteries follow the application of cold; and the 

* See Hilclebrandt, Anat. t. iii. 

t De irritabilitate. Gott. 1751. 

Versuche fiber die Wege, &c. 68. § Loc. cit. p. 75. 

11 On Inflammation of the Mucous Membranes. London, 18'29. Translated into 
the German by Busch. Bremen, 1823. 

If See also the remarks of Dr. Parry on the arterial pulse. Bath, 1816. Trans¬ 
lated into the German. Hanover, 1817. 
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experiments of Schwann, by the application of cold water to the 
mesentery of the frog and rana bombina, demonstrate it most clearly. 
After having extended the mesentery under the microscope, he 
placed upon it a few drops of water, the temperature of which was 
some degrees lower than that of the atmosphere. The contraction 
of the vessels soon commenced, and gradually increased, until, at the 
expiration of ten or fifteen minutes, the diameter of the canal of an 
artery in the mesentery of a toad, which at first was 0-0724 of an 
English line, was reduced to 0-0276. The diameter, therefore, was 
reduced to i or and the area, consequently, to ^ or -i of its previous 
dimensions. The arteries then dilated again, and at the expiration of 
half an hour had acquired nearly their original size. By renewing 
the application of the water the contraction was reproduced; in this 
way the experiment could be performed several times on the same 
artery. The veins did not contract. I have frequently observed this 
phenomenon as Schwann has described it. Hastings and Williams 
have made similar observations. It is not known on what tissue this 
kind of contractility depends: it is certainly not due to muscular fibres, 
for they do not exist in arteries. By the aid of high magnifying 
glass, delicate and not very distinct transverse fibres can be distin¬ 
guished in the parietes of the smallest arteries of the mesentery of 
the frog; and Dr. Schwann has discovered that even the capillary 
vessels in the mesentery of the frog have similar fibres—a fact which 
decides the question as to capillaries having distinct parietes. The 
power of cold to excite contraction in them, and the inefficiency of 
electricity to produce that effect, are characteristic of many parts 
which are not muscular. Jn both these characters the contractile 
tissue of arteries resembles the contractile tissue of the tunica dartos, 
which yields gelatin in boiling, and which in its microscopic charac¬ 
ters resembles the cellular tissue, and by no means the ordinary elastic 
tissue.* The slow narrowing of divided arteries, their retraction 
into their sheath of cellular tissue, and the coagulation of the blood, 
account for the spontaneous cessation of hemorrhage from arteries 
which are not of very large size. The vital property of tonicity, or 
insensible contractility, will, as Dr. Parry pointed out, very well 
explain the partially empty state of the arteries after death; for the 
arteries, after a certain time, must lose the vital power of gradual 
contraction by which they had expelled their blood, and would again 
dilate, retaining merely their physical endowment of elasticity, which 
is not lost until decomposition takes place. Dr. Parry states that 
he has observed these changes in the diameter of the arteries after 
death. 

Force and rate of the blood’s motion in the arteries .—The above 
inquiry places it beyond a doubt, that the only power by which the 
blood is moved in the arteries, is the force of the heart’s contraction. 
We have now to determine the degree of force thus exerted by the 
heart, and the force and rapidity of the blood’s motion in different 


See Book I. chap. 1. page 115. 
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parts of the arterial system. Hales^ was the first who made any 
observations on the height to which the blood rises in glass tubes 
introduced into different vessels: he observed that from the crural 
artery of the horse it rose 8 or 9 feet: from the temporal artery of 
the sheep, 65 ; from the carotid artery of the dog, 4 to 6 feet; while 
from the jugular vein of the horse it rose only from 12 to 21 inches; 
in the sheep, 5i inches; in dogs, from 4 to 8 ^ inches. We shall, 
however, on this subject have recourse chiefly to the accurate re¬ 
searches of M. Poiseuille.t M. Poiseuille made use of an instrument 
which he invented for the purpose. It was a long glass tube, bent 
so as to have a short horizontal portion, a branch descending at right 
angles from it, and a long ascending branch. Mercury poured into 
ascending and descending portions, will necessarily have the same 
level in both branches, and in a perpendicular position the height of 
its column must be the same in both. If now the blood is made to 
flow from an artery through the horizontal portion of the tube into 
the descending branch, it will exert on the mercury a pressure equal 
to the force with Avhich it is moved in the arteries, and the mercury 
will, in consequence, descend in this branch, and ascend in the other. 
The depth to which .it sinks in the one branch, added to the height 
to which it rises in the other, will give the whole height of the 
column of mercury which balances the pressure exerted by the 
blood; the weight of the blood which takes the place of the mercury 
in the descending branch, and which is more than ten times less than 
the same quantity of quicksilver, being subtracted. M. Poiseuille 
calculated the force with which the blood moves in an artery accord¬ 
ing to the laws of hydrostatics, from the diameter of the artery, and 
the height of the column of quicksilver; that is to say, from the 
weight of a column of mercury whose base is a circle of the same 
diameter as the artery, and whose height is equal to the difference 
in the level of the mercury in the two branches of the instrument. 
To prevent the coagulation of the blood in the horizontal part of the 
tube, it was filled with a solution of carbonate of potash. According 
to Poiseuille, the force of the blood’s motion in the larger arteries, 
for instance, in the carotid and crural arteries, and in the carotid and 
aorta, is equal; difference in size, and distance from the heart, being 
unattended by any corresponding difference of force in the circula¬ 
tion. The height of the column of mercury displaced by the blood 
was the same in all the arteries of the same animal. Poiseuille finds 
that the force of the blood in any large artery will in a dog support 
a column of mercury of 151 millim. [about 6 English inches], or a 
column of water of 64 French feet [about 6 feet 104 inches English]; 
in mares, a column of mercury of 161 millim. [6 inches 4 lines, Eng¬ 
lish], or a column of water of 6 feet 9 inches [7 feet 3 inches, Eng¬ 
lish]; in horses, a column of mercury of 159 millim. [6 inches 3 lines, 
English]; and, calculating from the former two animals, in the mean a 

* Statical Essays. Translated into the German. Halle, 1748. 

I Magendie’s Journal, viii. 272. 
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column of mercury of 156 millim., 6 inches 1^ lines, English, or a 
column of water of 6 feet 7 inches, 7 feet 1 inch, English.* 

Poiseuille concluded from his experiments, which seemed to prove 
that the force with which the blood is moved, is the same in the 
most different arteries, that to measure the amount of the blood’s 
pressure in any artery of which the calibre is known, it is necessary 
merely to multiply the area of the vessel by the height of the column 
of mercury which is already known to be supported by the force 
of the blood in any part of the arterial system. The weight of a 
column of mercury of the dimensions thus found will represent the 
pressure exerted by the column of blood. For example, Poiseuille 
estimates the diameter of the aorta at its origin, in a man of twenty- 
nine years, at 34 millimeters. Its area will therefore be 908-2857 
square millimeters. Assuming now that the mean of the greatest 
and least height of the column of mercury found by experiments oti 
different animals to be supported by the force of the blood, is equiva¬ 
lent to the height of the column which the force of the blood in the 
human aorta would support, we shall have the mean of 180 and 
140 millimeters—consequently 160 millimeters—as the height of this 
column: 160 millimeters, then, multiplied by 908-2857 = 145325-71 
cubic millimeters, will be the amount of mercury in the column, and 
the weight of this quantity of mercury—namely, 1-971779 kilo¬ 
grammes, or 4 lbs. 3 drs. 43 grs., about 4 lbs. 4 oz. avoirdupois— 
will indicate the static force with which the blood is impelled into 
the aorta. By the same calculation, the force of the circulation in 
the aorta of the mare is found to be 10 lbs. 10 oz. 7 drs. 61 grs. 
[about 11 lbs. 9 oz. avoirdupois]; in the radial artery, 4 drs. 

Injlueuce of respiration on the motion of the blood in the arte¬ 
ries. —Poiseuille perceived, by means of his instrument, what Haller 
and Magendie had already observed, namely, that the strength of 
the blood’s impulse is increased during expiration; in which act the 
chest is contracted, and the large vessels in consequence compressed. 
The column of mercury in his instrument rose somewhat at each 
expiration, and fell during inspiration. The extent of the rise and 
fall of the mercury was the same in arteries, the distance of which 
from the heart was different, and in ordinary tranquil respiration 
amounted to from four to ten lines. The increase of the blood’s im¬ 
pulse by expiration is in many persons so great, that the pulse at the 
radial artery becomes imperceptible when inspiration is long con¬ 
tinued, and the breath held. This is the case with myself, and it in 
some measure explains the fable of persons possessing the power of 
altering the action of their hearts at will. 

Effect of anastomoses on the motion of the blood in the arteries .— 
It was formerly believed that the angles at which the branches of 

♦ These numbers, if intended as the mean of the results given in M. Poiseuille’s 
table, ought to be, 

For the dog, - a column of mercury of 155-44 millim. 

For the mare, 164-36 — 

For the horse, 152-86 — 

And the mean of the three will be, - - 157*55 — 
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vessels are given off, according as they are obtuse or acute, influence 
the rapidity of the blood’s motion; the obtuse angle being supposed 
to retard it. But Weber* remarks that this circumstance influences 
the rapidity of the motion of a fluid only when it meets with so little 
resistance in its progress, that the sum of the impulses which propel 
it can give a determinate direction to its course; but that, when the 
resistance it experiences is so great that each fresh impulse is lost in 
overcoming it, the angles at which the branches of the tubes are 
given OS' no longer have this effect. The fluid in the tubes in this 
case is everywhere exposed to the same pressure, and itself tends 
with equal jforce in all directions. The reason that the blood flows 
more slowly in the capillaries than in the larger vessels is, that the 
aggregate capacity of the small vessels is greater than that of the 
vessels from which they arise. The causes which tend to diminish 
the rapidity of the circuiation generally are, not so much the frequent 
anastomoses of the arteries, as the constantly increasing- friction be¬ 
tween the blood and the parietes in the small vessels. Anastomoses 
facilitate the distribution of the blood. When two arteries anasto¬ 
mose, branches may arise from the anastomosing vessels, or from 
the communicating branch itself. In the former case, the communi¬ 
cating branch, as far as can be observed with the microscope, is 
traversed in the direction which offers the least resistance, and the 
blood is conveyed into that vessel, the capacity of which is great 
enough to receive the blood of two vessels at the same time. In 
such oases, however, the anastomosis is traversed always in one 
direction. If the anastomosis itself gives off a branch, the blood 
flows either from two sides at the same time into this branch, or in 
one direction only. During life, the direction in which the blood 
flows in anastomoses must vary very much, according as accidental 
pressure affects the part. 

OP THE CAPILLARIES. 

1. Structure of the Capillaries, 

Dejinition of the term “ capillaries .^^—In all organic textures the 
transmission of the blood from the minute branches of the arteries 
to the minute veins is effected by a network of miscroscopic vessels, 
in the meshes of which the proper substance of the tissue lies. This 
may be seen in all minutely injected preparations; and, during life, 
by the aid of the microscope, in any transparent parts,—such as the 
web of the frog’s foot, the lungs and urinary bladder of the frog, the 
tail of the tadpole, the incubated egg, young fishes, the gills of the 
larva of the salamander, the wings of the bat, and the mesentery of 
all Vertebrata,—and, as I have pointed out,t even in some opaque 
textures of the larva of the salamander by means of a simple micro¬ 
scope. The ramifications of the minute arteries form repeated anasto- 


* Hildebrandt’s Anat. B. iii. p. 41. 
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moses with each other, and these anastomoses terminate at last in a 
continuous network, from which the venous radicles, on the other 
hand, take their rise. The reticulated vessels, connecting the arteries 
and veins, are, on account of their minute size, vessels, called capil¬ 
lary vessels. The point at which the arteries terminate and the 
minute veins commence cannot be exactly defined, for the transition 
is gradual; but the intermediate network has, nevertheless, this 
peculiarity, that the small vessels which compose it maintain the 
same diameter throughout: they do not diminish in diameter in one 
direction, like arteries and veins. This, however, does not justify 
us in admitting with Bichat, that the capillaries are a peculiar system 
of vessels. 

The size of the capillary vessels is proportioned to that of the red 
particles of the blood, and can be measured in parts finely injected. 
Their diameter varies from even to -y^Vcr^h of an 

inch, but in the mean is most frequently between ^j^Vo^h and 
of an inch. 


Table of the size of the capillaries in different injected parts. 


Organ. 


Observer. 


In the brain 
Human Kidney 
Ciliary processes 
Mucous membrane of 
large intestines 
Lymphatic gland 
Skin 

Inflamed membrane 


E. H. Weber 

Muller 

Do. 


Weber 

Do. 

Do. 

Do. 


Diameter infractions 
of an English inch. 

from 23*00 to I s?f2 

1T54 

from to 
to 

1 1 

from jflVs to I ^^3 


The capillaries in their natural state, when filled with blood, and 
when they are not so much distended as when injected, have been 
seldom measured. In the scrotum of a new-born child, where the 
cuticle could be removed, Weber found their diameter to be 
of an inch. In very young animals the capillary vessels are larger 
than in the adult, thus corresponding in size to the red particles of 
the blood, which are also in part larger at the former period. No 
other elementary tissues are much more minute than the capillaries. 
The muscular fibres, the minuteness of which has hitherto been 
much overrated, measure, according to Prevost and Dumas, ^^j'yyth 
of an inch in diameter. The primitive fibrils of the muscles of man 
are five or six times smaller than the red particles of his blood. The 
primitive nervous fibril in Mammalia, according to my measurement, 
is from one-third to one-half the size of the red particles of the blood. 

No other tubes in the body are so minute as the capillary vessels. 
The diameter of the biliary ducts of the liver and of the tubuli urini- 
feri, even where they are the finest, is several times greater than that 
of the capillary vessels. All these different elementary tissues, 
glandular ducts, muscular fibres, and nervous fibrils, are surrounded 
and connected together by a network of capillaries. The primitive 
fibres of muscles, and those of the nerves, are not themselves tra- 
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versed by any blood-vessels; for they are smaller than the finest 
capillaries. In examining recent and well-injected specimens of 
these parts, no other capillary vessels are seen than those which are 
distributed in the interstices of the primitive fibres, and it is the same 
with regard to the minute ducts of glands. The capillary vessels of 
the kidneys run everywhere in the interstices and on the surface of 
the urinary ducts; but the ducts themselves, according to my observa¬ 
tions, contain no blood-vessels. 

The form of the capillary network is in general very uniform, 
and varies merely in the size of the meshes, or in their being elon¬ 
gated or not. In the capillary network of muscles and nerves, the 
meshes are elongated in the direction of the primitive fibrils on 
which they are distributed. The remarks of Soemmering and Doel- 
linger, and especially those of Berres,* with regard to the variety in 
the distribution of the minute vessels in the different tissues, are very 
correct; they do not, however, refer to the capillary vessels them¬ 
selves, but to the minute arteries and veins which ramify and divide 
still farther, before forming the capillary network. Soemmering ob¬ 
serves, that the mode of ramification, in the small intestines resem¬ 
bles a tree which is not in leaf, in the placenta a tuft, in the spleen 
an asperge or sprinkling-brush, in the muscles a branch of twigs, in 
the tongue a hair-pencil, in the liver a star, in the testicle and in the 
choroid plexus of the brain a lock of hair, in the Schneiderian mem¬ 
brane a trellis-work. In the branchiae the arteries and veins take 
the direction of the branchial lamellae, the arterial current ascending 
on one side, the venous descending on the other. The form of rami¬ 
fication of the vessels of tendons, which are not immediately con¬ 
nected with the long twig-like vessels of the muscles, is, according to 
E. H. Weber, dendritic. It appears, however, that the vessels spoken 
of by Prof. Weber are merely those of the sheath of the tendon; the 
true vessels of tendons, as recently described by Mr. Paget, run lon¬ 
gitudinally in straight parallel lines, rarely give off branches, and 
rarely anastomose, though occasionally a transverse twig passes from 
one longitudinal vessel to another; each artery is accompanied by a 
single vein.t In the cortical portion of the kidneys there are pecu¬ 
liar of blood-vessels in the midst of the capillary net work, j; 

Huschke has very recently proved that the minute artery which 
enters one of these vascular ganglia, issues from it again, after making 
several convolutions, and then becomes continuous with the capil¬ 
lary network.§ This may be seen distinctly in the triton or water 
salamander. At the extremity of each of the villi which form the 
tufts of the human placenta, a minute artery becomes directly con¬ 
tinuous with the minute returning vein. Thus the mode of division 

♦ Med. .Tahrb. d. Osterr. Staates. Bd. 14. 

f See Med. Gazette, July 13, 1839. 

i See the Section on Secretion, Chapter ii. and my work De Gland. Struct, penit. 

pp. 100, 101. 

§ Tiedemann und Treviranus, Zeitschrift fiir Physiol. 4 Bd. 1 H. p. 116, tab. 
vi. fig. 8. 
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of the minute arteries presents many varieties, while the capillary 
network itself differs merely in the size of the meshes, and in their 
more oblong or equilateral figure. Of this I have been convinced in 
the course of my researches on the glands; for in these organs, how¬ 
ever various the distribution of the minute ducts may be, the capil¬ 
lary vessels have always the simpte reticulated form, and do not 
follow in their arrangement the distribution of the ducts. In the 
medullary portion of the kidneys, where the urinary tubuli are col¬ 
lected into pyramidal bundles, the small arteries, and, as I have re¬ 
cently more than once satisfied myself by injection, the veins also, 
run in the form of long straight vessels between the urinary ducts, 
and have commonly been mistaken for ducts injected from the blood¬ 
vessels; but even these straight blood-vessels give oft' capillaries 
which form elongated meshes, and, diminishing in size as they run 
from the cortical portion towards the mammella, terminate at last on 
the mammella itself, in a fine network surrounding the openings of 
the urinary ducts. In the same way the smaller branches of the 
blood-vessels run lengthwise between the muscular and nervous 
fibrils; but the true capillary vessels form a network around the 
parallel fibres of the muscles and nerves, just as they do in the testi¬ 
cle around the convoluted tubuli seminiferi, and in the cortical por¬ 
tion of the kidney around the tubuli uriniferi. The small arteries in 
the branchiae of the salamander also follow the mode of division of 
the branchial lamellse, and terminate at the extremity of each lamella 
in descending branchial veins; but between the two vessels there is, 
even in the smallest lamella, a network which Rusconi and others 
have overlooked, but in which I have seen the red particles of the 
blood circulating. 

Number of the capillaries and size of the meshes in different 
parts. —The parts in which the network of capillaries is closest, that 
is, in which the meshes are the smallest, are the lungs and the cho¬ 
roid membrane of the eye. In the iris and ciliary body, even, the 
interspaces are somewhat wider. The vascular network is also very 
close in the mucous membranes of the lungs, liver, and kidneys, and 
in the cutis vera. In the choroid of the turkey, the interspaces are 
of the same size, or even smaller than the capillary vessels themselves. 
In the human lung the interspaces are, if anything, smaller than the 
vessels which form the network. In the human kidney, and in the 
kidney of the dog, the diameter of the injected capillaries, compared 
with that of the interspaces, is in the proportion of one to four, or of 
one to three. The brain receives a very large quantity of blood; but 
the capillaries in which the blood is distributed through its substance 
are very minute, and less numerous than in some other parts, so that 
the blood must pass through it into the veins more quickly than in 
other organs. E. H. Weber found the diameter of the capillaries in 
the brain, compared with the long diameter of the meshes, in the 
proportion of one to eight or ten; compared with the transverse 
diameter, in the proportion of one to four or six. In the mucous 
membranes—for example, in the conjunctiva—and in the cutis vera, 
the same observer found the capillary vessels themselves much larger 
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than in the brain, and the interspaces narrower,—namely, not more 
than three or four times wider than the vessels. In the periosteum 
the meshes were much larger.* The bones, cartilages, ligaments, 
and tendons are the parts which have the smallest number of blood¬ 
vessels and capillaries. At the line limiting muscle and tendon, the 
great difference in the vascularity of the two parts is very observable; 
the greater number of the blood-vessels of the muscles are, according 
to Doellinger, reflected back again, and have no immediate con¬ 
nection with the scanty vessels of the tendons. Prochaskat observed 
the same relation between the free portion of the synovial membrane 
and that which covers the articular cartilages. I saw very beautiful 
injected preparations of the cartilages of the trachea, larynx, and 
costal cartilages of a fox in the museum of Fremery at Utrecht. 
The existence of vessels in the internal shining layer of the serous 
membranes, has hitherto been doubtful; but some injections of the 
peritoneum by Bleuland, which I saw at Utrecht, made me hesitate 
to adopt Rudolphi’s opinion, that the vessels of serous membranes 
are situated in the subserous cellular tissue; and Schroeder van der 
Kolkj: has injections of the peritoneum, which prove indubitably 
that this membrane contains vessels. It is still doubtful whether the 
vitreous humour and the substance of the cornea are supplied with 
capillaries. 

Have the minute arteries open mouths? —Microscopic observa¬ 
tions and minute injections have shown that the capillary vessels are 
merely the fine tubes which form the medium of transition from 
arteries to veins, and that no other kind of vessel arises from them; 
that the minute arteries have no other mode of termination than the 
communication with the veins by means of the capillaries; in a word, 
that there are no vessels terminating by open extremities. It is the 
more necessary to demonstrate this fact, which minute anatomy has 
clearly shown, since Haller unfortunately adopted, and thus con¬ 
tributed to confirm, the crude notions of his predecessors regarding 
the open terminations of arteries. He admitted that arteries termi¬ 
nate in five ways: 1st, by openings on the surface of membranes; 
2d, in lymphatics; 3d, in secreting canals; 4th, in fat; and, lastly, in 
veins. But in those times the secretion of mucus and fat could not 
be understood, without presupposing the existence of open extremi¬ 
ties of the blood-vessels. After Mascagni, Hunter, Prochaska, and 
Soemmering had contended with success against this hypothesis of 
the open termination of arteries, it still remained a matter of doubt 
whether there was not a communication between the blood-vessels 
and the secreting canals of the glands. My researches, however, on 
the structure of all glands, in which better auxiliary means have been 
had recourse to, such as the injection of the secreting canals them¬ 
selves, the use of the microscope, and the history of the development 
of the embryo, together with similar observations by Huschke and 
Weber, have proved that no such communications exist in any se- 

* Weber in Hildebrandt’s Anat. 3 Bd. p. 45. 

t Disquisitio anatomico-physiologica Organismi humani. Viennae, 1812, p. 96. 

Observ. anat. path. 27. 
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creting gland, and that the radicles of the secreting canals, however 
various their form in the different glands, are always closed at their 
radicle extremity. The existence of exhalent vessels also, which 
even Bichat admitted, and supposed to be open side-branches of the 
capillary vessels, is purely hypothetical. An exhaling membrane, 
such as the peritoneum, has merely reticulated capillary vessels 
spread out over a great superficies, and the fluids are exhaled into 
the cavities by permeating the substance of the membrane itself: all 
animal textures being permeable by fluids, by virtue of the pores 
which, though not visible, must necessarily exist even in the smallest 
molecules of the animal substance that are capable of being softened 
by fluids. It is owing to this porosity that when arteries are injected 
with a solution of size coloured with cinnabar, a colourless fluid, as 
was pointed out by Mascagni, exudes on the surface of the mem¬ 
branes, the colouring particles not being able to pass through the 
pores. 

Serous vessels, that is, branches of the blood-vessels too minute to 
allow the passage of the red particles, and consequently traversed 
merely by the lymph of the blood, may possibly exist, though they 
have not been demonstrated. In favour of this hypothesis those 
parts are adduced in which no vessels carrying red blood have 
hitherto been discovered, namely, the cornea, the capsule of the crys¬ 
talline lens, and the vitreous body. 

The existence of vessels in the substance of the cornea is doubtful; 
they have never been injected. Nevertheless, penetrating ulcers 
and granulations are formed in the cornea, which can scarcely be 
conceived to occur without the agency of vessels. In calves of nearly 
the full time, I have repeatedly seen vessels containing red blood in 
the corneal conjunctiva, and could not trace them with a lens more 
than a line over the margin of the cornea. Henle has injected and 
made drawings of these vessels; they measured from to ei^th 

of an inch, and the finest twigs were not then injected; their trunks, 
which arose from a circular vessel that ran around the cornea, were 
somewhat larger. I have the preparations of these parts in my pos¬ 
session. Professor Wutzer has seen them. Professor Retzius has 
injected similar vessels in adult animals.* It is well known that in 
inflammation the cornea contains vessels carrying red blood. I saw 
at Utrecht, in the possession of Schroeder van der Kolk, a most 
beautiful injected preparation of a slightly inflamed eye, in which 
the conjunctiva as well as the aqueous membrane were injected. 
The posterior capsule of the lens even in full-grown animals contains 
vessels carrying red blood, derived from the branch of the arteria 
centralis, which traverses the vitreous humour to reach the posterior 
capsule. I have seen these vessels sometimes filled with blood in 
the fresh eyes of the calf and ox; Zinn saw the same thing. Henle 
has shown that the vessels of the posterior capsule in the foetus com¬ 
municate with vessels of the zonula Zinni or corona ciliaris, and 

♦ See Henle, De Membrana pupillari aliisque Membranis Oculi pellucentibus. 
Bonnse, 1832. 
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ciliary processes; and he has injected and given a representation of 
the communicating branches. In the embryo of Mammalia the 
vessels of the posterior capsule are connected with those of the pu¬ 
pillary membrane through the medium of a very vascular membrane, 
which I have discovered,—the membrana capsulo-pupillaris. This 
new membrane is stretched between the inner border of the iris and 
the inner border of the corona ciliaris, or the border of the capsule 
of the lens, and contains numerous parallel longitudinal vessels, 
which pass from the iris and pupillary membrane to the corona 
ciliaris and posterior capsule of the lens. In the anterior capsule 
the vessels are extremely difficult to demonstrate; but in inflamed 
eyes they are distinct both on the anterior and posterior wall of the 
capsule, as I saw in an excellent injected preparation of a cataractous 
eye in Schroeder van der Koik’s collection at Utrecht. The zonula 
Zinniy or corona ciliaris, appears, from Henle’s and Schroeder’s 
injections, to be a vascular organ, and to be of great importance for 
the nourishment of the transparent humours. The vitreous body 
contains blood-vessels, at all events in the embryo and in fishes. 

All these facts, however, render it very probable that even the 
cornea and capsule of the lens, to which vasa serosa have been 
hitherto ascribed, are really provided with vessels carrying red blood; 
and it is certain that the capsule of the lens of the eye of the ox, as 
well as the corneal conjunctiva in the fully developed foetus of the 
sheep, are supplied with red blood. The vessels of the corneal con¬ 
junctiva are certainly infinitely less numerous than those of the scle¬ 
rotic conjunctiva; there is the same difference between those two 
parts as between the part of the synovial membrane which is free, 
and that which covers the articular cartilages. E. H. Weber remarks, 
very correctly, that a single stratum of capillary vessels is not at all 
recognisable by the eye alone; the colourless appearance of the parts 
of which we have been speaking, consequently, does not prove that 
they contain no blood-vessels. The mesentery, also, in the space 
between the large vessels appears to the naked eye to be equally 
free from vessels, and transparent; but by the aid of the microscope 
numerous capillaries become evident in it.* While, however, we 
maintain that blood-vessels exist even in transparent membranes, 
we by no means prove that all the vessels of these parts are of such 
size as to admit the red particles of the blood. On the contrary, it 
is probable that the greater part of the more delicate vessels of these 
parts transmit only the fluid part of the blood, the liquor sanguinis; 
and in other parts also there may be such minute capillaries convey¬ 
ing merely the liquor sanguinis from the arteries to the veins. It 
would be wrong, however, to distinguish these vessels from the rest 
of the capillary system, ,as vasa serosa, since they are not essentially 
different from other capillaries, and since the same vessels which 
ordinarily carry merely the fluid of the blood, are often traversed 
from time to time by single red particles. The question concerning 
the existence of serous vessels has now lost much of its interest, 


* On this subject generally, consult Henle, loc. citat. 
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since we know that such vessels are not necessary either for the 
nutrition or growth of tissues.—See Book I, chapter 1. 

Have the capillaries membranous parietes ?—The question 
whether the minute capillaries have membranous parietes is im¬ 
portant. It has been the universal testimony of observers, from 
Malpighi to Doellinger, that in living animals no membranous walls 
are discoverable by the aid of the microscope. Doellinger* regards 
the blood as fluid animal substance, the substance of the organs as 
solid blood. Gruithuisen saw the blood flowing in free spaces be¬ 
tween the acini of the liver in the frog: this is seen, according to my 
experience, much more distinctly in the liver of the larva of the 
triton, which alone I found adapted for the observation.! Wede- 
meyer doubted the existence of membranous parietes, from observing 
the broad currents of blood and the small islets of solid tissue in the 
lungs of the salamander. C. F. Wolff’, Hunter, Doellinger, Grui¬ 
thuisen, Baumgartner, Wedemeyer, Meyen, and Oesterreicher also 
deny the existence of membranous parietes to the capillary vessels; 
while Leeuwenhoeck, Haller, Spallanzani, Prochaska, BichSt, Berres, 
and Rudolphi are of the contrary opinion. 

The argument for the non-existence of membranous tubes, which 
Doellinger and Oesterreicher deduce from the development of new 
vessels, cannot be applied to vessels already formed; and more accu¬ 
rate researches appear, indeed, to refute altogether the hypothesis of 
the circulation of the blood in canals without membranous tubes. 
The facts that fluids injected into the arteries pass into the veins 
without extravasation, and that currents cross above and below each 
other without uniting, have been adduced as arguments for the ex¬ 
istence of membranous parietes to the capillaries. The number of 
the currents, and indeed the smallness of the islets of solid matter 
between them in the pulmonary membrane of the frog and sala¬ 
mander also tend to prove that membranous tubes must exist; for 
otherwise these small islets would themselves be sometimes involved 
in the currents. But there are also direct means of proving the ex¬ 
istence of membranous tubes around the capillary streams. For this 
purpose we must select a very delicate parenchyma, which easily 
softens and dissolves in water, so as to leave behind the network of 
capillaries. In a piece of the cortical substance of the kidney of a 
squirrel which had been laid in water for a short time only, but long 
enough to have become softened, the capillary vessels which are in¬ 
terlaced around the tubuli uriniferi appeared to me, when I examined 
them by the microscope, to be independent parts. In the choroid, 
iris, and ciliary processes, the capillaries are still more evidently 
substantial independent parts. They can, however, be demonstrated 
most distinctly in the plicated organ discovered by Treviranus in the 
cochlea of the internal ear of birds. C. Windischmannf concludes, 
from his dissections, that the laminae of this part are merely folds 

* Denkschriften der Akad. zu Miichen, 7. 

t See Meckel’s Archiv. 1829. 

De penitiori Auris Structura in amphibiis, cum tab. iii. Bonnae, 1831. Lips, 
apud Voss. 
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and wrinkles of a membrane which arches over the spiral plate of the 
cochlea. The membrane is extremely delicate and pulpy; its soft 
substance is however traversed by an extremely beautiful network 
of vessels, which Windischmann has injected from the carotid; it 
dissolves easily in water, leaving the beautiful vascular network 
with the meshes empty.* In the uninjected state, also,the vascular 
network remains after the pulpy substance has been dissolved. 
Lastly, Schwann has recently ascertained, by means of the micro¬ 
scope, that the capillaries have not merely membranous parietes, but 
a coat in which circular fibres arranged as'in the arteries can be dis¬ 
tinguished. This he discovered in the capillaries of the mesentery 
of the frog, and brown or fire load (Rana bombina). It is necessary 
to employ a high magnifying power and rather a feeble light; but 
the fibres may be seen in the dead, as well as in the living animal. 
But even where no transverse fibres are visible, the capillaries seem 
to have delicate membranous parietes, in the substance of which 
oval bodies resembling nuclei of epithelium scales appear at intervals. 
This structure of the capillaries has been observed by Henle in the 
cerebral substance, and by Schwann in the tail of tadpoles, and has 
been distinctly seen by the translator in the tail and branchiae of the 
larva of the salamander, in the webofithe frog’s foot, and in the 
substance of the kidney. 

3. Circulation in the Capillaries. 

Jis viewed hy the microscope _If the circulation in any transpa¬ 

rent part of a living adult animal is examined by means of the 
microscope, the blood is seen to flow through the minute arteries 
and capillaries with a constant equable motion. In very young 
animals the motion, though continuous, is accelerated at intervals 
corresponding to the pulse in the larger arteries, and a similar motion 
of the blood is also seen in the capillaries of adult animals when they 
are feeble: if their exhaustion is so great that the power of the heart 
is still more diminished, the red particles are observed to have merely 
the periodic motion, and to remain stationary in the intervals; while, 
if the debility of the animal is extreme, they even recede somewhat 
after each impulse. These observations of Wedemeyer, which 1 
must confirm as the result of all my experiments, are of great im¬ 
portance; for they prove that, even in the state of the greatest 
debility, the action of the heart is sufficient to impel the blood 
through the capillary vessels. The pulsatory motion of the blood in 
the capillaries cannot be attributed to an action in these vessels them¬ 
selves; for when the animal is tranquil, they present not the slightest 
change in their diameter. 

It might be supposed that, even in the natural state, the blood 
flows in this pulsatory manner through the capillaries, and that the 
apparent regularity of its motion is attributable to the rapidity of 
the circulation, which, when viewed by the microscope, appears even 
greater than it really is; but the fact that the blood flows in an equa- 


* See Windischmann, loc. cit. tab. ii. 
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ble Stream from the veins, proves that the eifect of the impulses com¬ 
municated to the blood is, in the natural condition, really lost in the 
capillary system. 

The cause of the equable motion of the blood in the capillaries 
must be sought in the elasticity of the arteries. The elastic coat of 
the artery is, during each pulsation, distended by the blood forced 
into it, but during the intervals of the heart’s action contracts again, 
so as to force on the blood, and convert its merely periodic motion 
into a continuous although periodically accelerated one; and thus 
by the time that the blood reaches the minute arteries, the impulse 
given by each contraction of the ventricle is lost in dilating the arte¬ 
ries, while the continuous motion—the result of their elasticity— 
remains. During its course through the small vessels, the circulation 
of the blood will necessarily be modified by the unequal obstructions 
that it meets with, causing it to be checked for a time in one vessel, 
while it circulates more quickly through others; but the pulsatory 
motion will no longer be perceptible. When an animal, however, 
is much weakened, and the propulsive power of the heart conse¬ 
quently diminished, the arteries become distended by less blood at 
each pulsation, and in their turn react with less force upon the blood. 
The cause, therefore, which in the natural state renders continuous 
the periodic motion of the blood, is not under these circumstances 
brought into action, and the blood moves forward only at the time 
of each beat of the heart, the effect of which is then perceptible in 
the capillaries. The oscillating motion of the blood in debilitated 
animals is said by Koch* to be independent of the heart’s action. 
To both Wedemeyer and myself, however, it appeared to be wholly 
dependent on the contraction of the heart being too feeble to over¬ 
come the resistance offered by the capillaries; so that some part of 
the blood, in the intervals of the contractions, receded again, not¬ 
withstanding the presence of the valves. 

The degree of resistance which the capillaries offer can be calcu¬ 
lated from the results of the experiments instituted with that view 
by Hales and Keill. The mode which Keill adopted was, to com¬ 
pare the quantities of blood which flowed in a given time from the 
divided crural artery and from the crural vein of a living dog. The 
quantity derived from the crural artery compared with that from the 
vein, was in the proportion of 7^ to 3, so that from these data the 
resistance to be overcome in the capillaries would seem to neutralise 
/yths or fths of the force with which the arterial blood moves. 

Halest injected the mesenteric artery of a dead animal with water, 
by allowing a column of that fluid feet high to press into the 
artery, having previously divided the intestines along the line oppo¬ 
site to the insertion of the mesentery. The quantity of water which 
flowed from the divided capillaries, amounted to one-third only of the 
quantity which escaped in the same time when the larger branches 
of the artery were divided; so that according to this experiment, the 

* Meckel’s Archiv. fiir Anat. und Physiol. 6 Bd. p. 216. 

f Statical Essays. 
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resistance offered by the capillaries equalled two-thirds of the force 
with which the water was forced into them. 

Rate of the capillary circulation. —To make a comparison of the 
rate of the circulation in the capillaries and arteries, we must take 
the mean rapidity of the blood’s motion in these vessels at different 
times and in different situations; for in the arteries the velocity of 
the circulation is greater at the moment of the pulse than in the in¬ 
tervals of this act, and in the capillary system it is seen by the micro¬ 
scope to vary very much in different capillary vessels. 

If the sectional area of all the branches of a vessel united were 
always the same as that of the vessel from which they arise, and if 
the aggregate sectional area of the capillary system were equal to 
that of the aorta, or, in other words, if the aggregate capacity of the 
tubes through which the blood passes were the same in all the de¬ 
grees of their ramification,—the mean rapidity of the blood’s motion 
in the capillaries would be the same as in the largest arteries; and, 
supposing a similar correspondence of capacity to exist in the veins 
and arteries, there would be an equal correspondence in the rapidity 
of the circulation in them. It is quite true that the force with which 
the blood is propelled in the arteries, as shown by the quantity of 
blood which escapes from them in a certain space of time, is much 
greater than that with which it moves in the veins; but this force has 
to overcome all the resistance offered in the arterial and capillary 
system,—the heart itself, indeed, must overcome this resistance; so 
that the excess of the force of the blood’s motion in the arteries, is 
expended in overcoming this resistance, and the rapidity of the cir¬ 
culation in the arteries, even from the commencement of the aorta, 
would be the same as in the veins and capillaries, if the aggregate 
capacity of the three systems of vessels were the same. 

But since the aggregate sectional area of the branches is always 
greater than that of the trunk from which they arise, the rapidity of 
the blood’s motion will necessarily be greater in the trunk, and will 
diminish in proportion as the aggregate capacity of the vessels in¬ 
creases during their ramification. 

The motion of the blood in the capillaries is wholly dependent 
on the heart's action. Many physiologists, believing that the power 
of the heart is not sufficient to propel the blood through the capillary 
system, have imagined the existence of other auxiliary forces, such 
as contractions of the capillaries themselves, or a spontaneous motion 
of the blood,—neither of which, however, has been demonstrated by 
direct observation. On the contrary, it is irrefragably proved, that 
the motion of the blood through the capillaries is effected solely by 
the action of the heart; for in animals, the strength of which is much 
exhausted, the impulse communicated to the blood by the ventricles 
is visible in the capillaries; and the flow of blood from a divided 
vein is accelerated during expiration, proving that the increased 
impulse given to the current of blood by the compression of the great 
vessels in the chest, is also transmitted through the capillaries to the 
veins. The dependence of the circulation of the blood in the veins 
on the action of the heart, is also proved by the following experiment 
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of Magendie:—He applied a ligature to the leg of a dog, the crural 
artery and vein not being included. The vein was then tied sepa¬ 
rately, when it was seen to become turgid below the ligature, with 
the blood returning from the limb; and, if it was punctured at that 
part, the blood spirted out in a full stream. When the crural artery 
was compressed, the flow of the blood from the vein gradually 
ceased, but recommenced when the pressure on the artery was re¬ 
mitted. Poiseuille, by means of the instrument already described, 
measured the pressure of the blood in the portion of a vein most dis¬ 
tant from the heart, and found it to be exactly proportioned to that 
of the blood in the arteries, increasing and diminishing according as 
the force of the blood in the latter vessels was greater or less.^ 

The differences of the blood’s motion in different capillaries 
arise from mechanical causes. Wedemeyer’s description of the 
course of the blood in the anastomosing capillaries, agrees perfectly 
with what I have observed. Sometimes, he says, the red particles 
flow rapidly from one current into a second, as if by attraction. In 
other cases the second current being very rapid, the red particles 
seem to be arrested in the collateral current, and only from time to 
time find means of entering the rapid stream. Sometimes a red par¬ 
ticle is even thrown back for a moment out of the more rapid into 
the weaker current, but being repelled, resumes its former course. 

I have also remarked, that the same anastomosing branch between 
two currents sometimes receives the blood in one direction, and 
sometimes in the other, and that variations of pressure and position, 
and motions of the animal, are always the causes of these changes. 
All these variations in the capillary currents are then, just as in cur¬ 
rents of water on irrigated land, merely the results of mechanical 
causes. In the most minute capillaries, which are not red, nor even 
yellow, but quite transparent, there is merely a single line of red 
particles separated by unequal intervals; and from time to time no 
red particles are seen in these colourless vessels; but I have ob¬ 
served no canals through which red particles did not occasionally 
pass, and which, therefore, could deserve the name of vasa serosa; 
and Wedemeyer, who says that he has seen such vasa serosa, him¬ 
self confesses that some of the red bodies traversed them from time 
to time. The red particles do not rotate on their own axes while 
passing through the capillaries; in the frog they appear, for the most 
part, to move with the long diameter in the axis of the vessel; but 
frequently they are placed obliquely, and their position suffers many 
changes from the mechanical influence of the coats of the vessels; 
the red particles themselves are quite passive, and never present the 
slightest sign of spontaneous motion. Several observers have re¬ 
marked that, in passing through a narrow portion of the vessel, the 
red particles are sometimes compressed and thus elongated. 

Jill the red particles which are carried into the capillary system 
by the arteries, are returned from it by the small veins; none ap¬ 
parently are retained in the capillaries, at least in an animal which 


* Muller’s Archiv. 1834, p. 365. 
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is not enfeebled. Doellingerand Dntrochet maintain that they have 
seen the red particles arrested in their course in the vascular canals, 
and become united with the tissue. I have myself, it is true, fre¬ 
quently observed this arrest of the red particles, particularly in en¬ 
feebled animals, and, formerly, thought it possible that the red par¬ 
ticles of the blood might in this manner lose their mobility; but more 
accurate observations have convinced me that these stagnant globules 
are soon again set free, and that it is only in a state of extreme de¬ 
bility that a complete stagnation—or rather coagulation—of the 
blood occurs in the minute vessels. The occurrence of coagulation 
under such circumstances cannot, however, be supposed to explain 
the process of nutrition, being rather its very opposite. Not a single 
observer has confirmed the assertion of Doellinger relative to the 
union of the globules with the tissue, by which he supposed nutri¬ 
tion to be effected, and the observations, which I shall adduce in 
another place, render it very probable that nutrititon depends on a 
totally different process. Prevost and Dumas, it is true, inferred 
from their experiments, that the red particles exist in greater abun¬ 
dance in arterial than in venous blood; but this was a theoretical 
error. They supposed that all the fibrin of the blood was contained 
in the red particles; since, however, the fibrin is contained in solution 
in the fluid part of the blood, it is incorrect to estimate the quantity 
of red particles in the two kinds of blood from the amount of coagu- 
lum yielded. 

Self-propelling power of the blood .— Treviranus, Cams, Doellin¬ 
ger, and Oesterreicher have adopted the opinion of Kielmeyer, that 
the blood is endued with a power of self-propulsion, which they sup¬ 
pose to be exerted in the capillaries during life, independently of the 
heart’s action, and to continue after the latter has ceased. This 
opinion seemed to be confirmed by the observations of Wolff and 
Pander, who asserted that, in the chick, blood is formed in the area 
vasculosa, and moves from its periphery towards the heart, before 
that organ has pulsated. This motion of the blood independent of 
and prior to the heart’s action is, however, doubted by Baer; it ap¬ 
peared to him that the pulsation of the heart was first seen, and soon 
afterwards the motion of the blood in the transparent area, and that 
the influx of the blood from the area vasculosa to the heart took 
place last of all.* Nor has Wedemeyer been able to convince 
himself that the motion of the blood in the area vasculosa commences 
before the pulsation of the heart. The other arguments for the in¬ 
dependent motion of the blood in the capillaries are derived from the 
continuance of the blood’s motion in parts removed from the body. 
The idea of spontaneous motion in a fluid independent of attraction 
or repulsion from the sides of another object is itself inconceivable; 
but, even waiving this consideration, the facts brought forward in 
favour of the hypothesis, although in part correct, do not appear to 
me to justify the conclusions deduced from them. There are two 
conditions under which the blood in the capillaries of a transparent 
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part separated from the body, may still be seen in motion by means 
of the microscope:—1. As long as the blood continues to flow from 
the divided vessels. Thus, for ten minutes after separating the foot 
of a frog from the body, I could still perceive motion of the blood 
from the minute vessels towards the larger; that is to say, towards 
the openings of the divided trunks. These movements, in my opinion, 
depend simply on the escape of the blood from the divided vessels, 
which by their elasticity contract to a less diameter than they pre¬ 
viously had while in the state of forcible distension. The narrowing 
of the vessels can, in fact, be perceived by the aid of the microscope. 
If the divided surface from which the blood flows is elevated, to¬ 
gether with the leg of the frog, the escape of the blood ceases sooner, 
and after five or six minutes not the slightest motion is perceptible 
in the capillary vessels. Wedemeyer’s* observations agree in most 
particulars with mine, only that he does not mention the space of time 
during which the motions continue. 2. The second condition under 
which these motions are perceptible is, that the direct rays of the 
sun be allowed to fall on a moist part separated from the body. The 
surface of the part then becomes dry and wrinkled so quickly that 
the change is perceptible to the eye. This causes a more rapid 
emptying of the capillary vessels, which, together with the effect of 
illumination by the direct rays of the sun, produces a flickering ap¬ 
pearance. Thus, in the wing of a bat removed from the body, a 
trace of this flickering motion of the blood will be perceived in spots 
even for many hours, but only at that part through which the most 
intense rays of the sun are at the time shining. The extraordinarily 
rapid shrivelling of the surface may be seen with the naked eye. If 
the part which is becoming dry is moistened again, the shrivelling, 
and with it also the flickering motion in the interior of the vessels, 
cease for some moments, but are renewed as soon as the evaporation 
and drying recommence. Even after a day and a half had elapsed, 
I could still see a flickering in the interior of the moistened wing 
when it was illumined by the direct light of the sun. Baumgartner! 
observed the blood in the frog’s foot continue in motion from three 
to five minutes after ligature of the artery, and attributed the motion 
to a reciprocal action exerted between the nerves and blood; it most 
probably arose from the contraction of vessels which had previously 
been distended; anastomoses also might give rise to such appear¬ 
ances. The ingenious experiments of Baumgartner unfortunately 
do not clearly prove what they are intended to do. Moreover, 
according to my observation, the circulation in the capillaries ge¬ 
nerally ceases very quickly on the compression of the artery of the 
limb, when the spontaneous motion of the red particles ought cer¬ 
tainly to be seen if it exists at all. Having destroyed the vitality of 
the heart of a frog by the application of liquor kali caustici, I could, 
by means of the microscope, for some time perceive motion of the 
blood in the capillary vessels, but it depended probably on the com- 


* Ueber den Kreislauf des Blutes. Hanover, 1828, p. 233. 
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pression of the blood by the elastic coat of the arteries which had 
previously been in a state of forcible distension. In qne case the 
blood in the capillaries remained fluid above an hour, and from time 
to time advanced a little, then receded, was still, and then again 
moved. These motions were probably produced by the compression 
of the vessels by slight motions of the frog, or of a single set of mus¬ 
cles of the leg. I deny, therefore, the existence of a self-propelling 
power in the blood. 

If the blood moves independently of the heart’s action, it must be 
by virtue of an attraction exerted on it by the solid walls of the capil- 
^ lary vessels, which seems to be what Baumgartner and Koch sup¬ 
pose. If this attraction of the blood by the capillaries and the 
organised tissue really took place, it might produce a local accumu¬ 
lation of blood; but we cannot conceive how such attraction could 
aid the circulation of the blood, for it would cause the blood to 
become stationary in the capillaries, unless it is again admitted that 
this attraction of the capillaries for the blood is exerted only while 
the blood retains its arterial character, and ceases when it has be¬ 
come venous. It is only by such an action that the capillaries could 
assist the circulation. The congestion of certain parts at particular 
times is, however, no argument for the existence of this auxiliary 
force, for in this congestion there is accumulation as well as attrac¬ 
tion of the blood. Although the circulation of the sap in plants, 
effected by means of attraction only, shows us the possibility of the 
occurrence of a similar phenomenon in animals, still there are at 
present no direct observations which prove it in a conclusive man¬ 
ner. The circular currents in many of the lower animals, which had 
been compared to the motion of the sap in the chara, and the move¬ 
ment of fluids in vessels, themselves destitute of motion, observed in 
Diplozon by Nordmann, and in some Distomata by Ehrenberg, have 
been recently shown to depend on the vibrations of cilia."* 

Circulation of the lymph-globules in the hloo(L \—If the capillary 
circulation is attentively observed in the tail of the larva of the sala¬ 
mander or frog, or in the mesentery or web of the foot of the latter 
animal, it is perceived that besides the oval and flattened particles, 
the motion of which has been described in preceding paragraphs, 
there are other smaller and colourless bodies, of a spherical form 
and granular surface, moving more slowly and irregularly in the 
capillary vessels. These latter bodies are evidently identical with 
the so-called lymph-globules discovered by Professor Muller in the 
blood of the frog. Whenever one of these lymph-globules circu¬ 
lating with the current of blood comes into contact with the side of 
the vessel its motion is arrested, and it either becomes quite stationary 
for a time or is rolled along slowly and irregularly at the side of the 
current. The greater number of the lymph-globules, indeed, seem 
to move thus at the sides of the .stream of blood, while the red par¬ 
ticles pass rapidly along the centre of the vessel; and when the mo-^ 

* See the account of the circulation in the lower animals, p. 176. 

f This entire paragraph on the circulation of the lymph-globules, is by the trans¬ 
lator, Dr. Baly. • 
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tion of the blood is not strong, several lymph-globules frequently col¬ 
lect in a capillary vessel, and for a time entirely prevent the passage 
of the red particles, but all eventually re-enter the current of blood; 
—none are observed to remain fixed and to unite with the tissue. 
These phenomena were first noticed by M. Poiseuille.* He inferred 
from them that the stratum of liquor sanguinis in contact with the 
parietes of the vessels is stationary, and that globules of blood which 
happen to be thrown into it lose, on that account, their rapid motion. 
But he had not recognised the ditferent form and want of colour of 
the bodies which move thus slowly, or he would have perceived the 
insufficiency of this explanation. The red particles frequently pass 
in close contact with the walls of the vessels, and yet they for the 
most part glide smoothly onwards; hence it appears probable that, 
as M. E. H. Webert supposes, the lymph-globules and walls of the 
vessels have a tendency to adhere to each other, and not to other 
bodies. Occasionally, however, one of the red particles of the blood 
is seen stationary at the side of the vessel, and if it remains thus for 
any length of time, it acquires, according to M. Weber, a globular 
form, loses its red colour, and rolls along the side of the vessel like 
the lymph-globules. He has observed that, in tadpoles kept some 
time out of water, the blood frequently became stagnant in a great 
part of the capillaries of the tail, and that when it began to circulate 
again the red particles adhered to each other, rolled along the sides 
of the vessels and lost their red colour. He states that he has seen 
this take place to a less extent in different parts of the tail of the 
larva, and of the mesentery of the full-grown frog, when they were 
not exhausted, and he conjectures that it has a relation to the pro¬ 
cess of nutrition. This transformation of the flattened and oval red 
particles into the globular and colourless lymph-globules, which, if 
confirmed, would be a highly important fact, has never been observed 
by the translator. He has arrested the circulation in the foot of the 
frog during more than two hours by ligature, but when the blood 
resumed its motion the proportion of colourless globules in it did not 
appear to be greater than before. In frogs which have been kept 
for a considerable period without food, the number of lymph-globules 
in comparison with the red particles in their blood, seems to increase; 
but this may have a different cause. 

Vital turgescence of the blood-vessels .—Although it be denied 
that the circulation is in any way aided by an attraction between the 
blood and the capillaries, yet the existence of such an attraction or 
affinity may be admitted in the instance of the “ turgescence, turgor 
vitalis, or orgasm,’’ observed to take place in certain parts of the 


* Ann. des. Sc. Nat. Fevr. 1836. t. v. p. 111. 

f Muller’s Archiv. 1838, p. 457. In an earlier communication (^ibid. 1837, p. 
267,) M. Weber referred the phenomena above described to the circulation of lymph 
in a network of lymphatics external to the capillary blood-vessels. This error of 
M. Weber was noticed in the former edition of this work, having been pointed out 
to the translator by Dr. Sharpey, who had been long acquainted with the true na¬ 
ture of the phenomena in question. M. Ascherson afterwards (Muller’s Archiv. 
1837, p. 542,) showed the incorrectness of M. Weber’s opinion. 
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body, which are the seat of increased vital action, independently of 
the action of the heart.* This condition of turgescence is very evi¬ 
dent in plants: thus, to the fruit-bud, which contains the impregnated 
ovum, there is, as Burdach remarks, an atflux of sap; —itbi stimulus, 
ibi affluxus. 

The mutual vital action or affinity between the blood and the 
tissues of the body, which is an essential part of the process of nutri¬ 
tion, is, under many circumstances, greatly increased, and gives rise 
to an accumulation of blood in the dilated vessels of the organ. It 
is seen, for example, in the genitals during* the state of sexual desire, 
in the uterus during pregnancy, in the stomach during digestion, and 
in the processes of the cranial bones, on which the stag’s antlers 
afterwards rest, at the time of the reproduction of these parts. The 
local accumulation of blood, with the dilatation of old and the forma¬ 
tion of new vessels, is, however, seen most frequently in the embryo, 
in which new organs are developed in succession by a process of 
this kind; while, on the other hand, other organs, such as the 
branchiae of the salamander and frog, and the tail of the latter 
animal, become atrophied and perish as soon as the vital affinity 
which existed between the blood and their tissues ceases to be 
exerted. 

The phenomena of turgescence have been supposed to depend on 
an increased action or contraction in the arteries. But arteries pre¬ 
sent no periodic contractions of a muscular nature; and a persistent 
contraction of the arteries, unless it were progressive, or vermicular, 
or aided by valves arranged in a determinate direction, would be 
quite inadequate to produce a state of turgescence in any part. 

This condition of vascular turgescence may be excited very sud¬ 
denly, as is seen in the instantaneous injection of the cheeks with 
blood in the act of blushing, and of the whole head under the in¬ 
fluence of violent passions; in both of which instances the local phe¬ 
nomena are evidently induced by nervous influence. The active 
congestion of certain organs,—of the brain, for example,—while they 
are in a state of excitement, is a similar phenomenon.t Schwannf 
has proposed another explanation of these phenomena, by which 
the hypothesis of an attraction between the blood and the tissues is 
avoided. He supposes the constant vital contractility of particular 
arteries to be remitted so as to admit of their being more dilated by 
the pressure of the blood, and, consequently, to allow a greater accu¬ 
mulation of this fluid in the organs in which they are distributed. 

If the organ which is susceptible of the increased affinity between 
the blood and the tissue is, at the same time, capable of considerable 
distension, tumefaction and erection take place. 

Action of different substances on the capillaries. —Direct experi¬ 
ments to determine the action of different substances on the capillary 

* See Hebensbreit, De Turgore vitali. Lips. 1795. The view which this author 
takes of the subject is, however, very erroneous. 

f See the remarks of Bonorden, in Meckel’s Archiv. 1827, p. 537; and of Wede- 
meyer, 1. c. 412. 

:j: Encycl. Wdrteb der ined. Wissench. xiv. p. 233. 

20 * 


234 ACTION OP DIFFERENT SUBSTANCES ON THE CAPILLARIES. 

vessels, by watching the changes produced by the application of 
these substances to the vessels of transparent parts, promised at first 
to increase considerably our knowledge of the action of the capilla¬ 
ries. But on this subject there still prevails the greatest con¬ 
fusion. The most interesting observations are those of Thomson, 
Wilson Philip, Hastings, Kaltenbrunner, Wedemeyer, and Koch. 
Two orders of changes are observed on the application of chemical 
agents to the small arteries, capillaries, and veins. In many in¬ 
stances,—for example, whenever common salt was applied,—dilata¬ 
tion of the capillaries ensued after a few minutes. In Wedemeyer’s 
experiments, however, on the application of salt to the small arteries 
of the mesentery of the frog, contraction to the extent of ph of their 
diameter was the first effect, and this was followed by great dilata¬ 
tion. The application of ammonia was observed by Thomson to be 
followed by contraction of the vessels, with diminished rapidity of 
the circulation; while Wedemeyer and Hastings found it produce 
dilatation of the vessels with stagnation of the blood. Oesterreicher 
also observed dilatation follow the application of a weak solution of 
ammonia, while he found that substance of concentrated strength 
produce contraction of the vessels, and at last arrest of the circulation. 
Alcohol, according to Hastings, produced contraction of the capillaries: 
hot waier had the same efiect on frogs; the application of ice was also 
followed by contraction. Hastings remarked that these substances 
frequently caused contraction first, and afterwards dilatation. From 
the application of tincture of opium, tartaric acid, very dilute muriatic 
acid and alcohol, Wedemeyer obtained no constant result. In two 
instances only did alcohol cause retardation of the circulation, with¬ 
out, however, having excited distinct contraction in the small arteries. 
When dilatation of the vessels is produced, the circulation is generally 
at the same time retarded. Thomson is the only physiologist who 
has observed acceleration of the circulation accompanying dilatation 
of the vessels; and this was after the application of common salt. 
In cases in which the substance applied has produced contraction 
of the vessels, the effect on the circulation also varies, it being some¬ 
times retarded, sometimes accelerated. 

The blood must, cseteris paribus, ^o\yr more rapidly in a contracted 
vessel; but if its fluidity have been diminished, or coagulation in¬ 
duced, by the substance applied, its motion will be retarded. In 
a dilated vessel, the circulation must, cseteris paribus, be slower: 
increased rapidity of the circulation in such a state of the vessels can 
be accounted for only on the supposition that dilatation from an ex¬ 
ternal cause may diminish the friction in the vessel. 

The explanation of the phenomena detailed above is at present 
quite impossible. The contraction in all these cases may be a vital 
action of the animal tissue, or it may be merely a chemical effect, 
which would be produced equally well on dead matter,—the sub¬ 
stance applied may be supposed, for example, to extract from the 
tissue a part of its water. The dilatation of the vessels produced by 
certain substances, may be a state of turgescence arising from an 
increased organic affinity, excited between the blood and the tissue: 
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it is, however, just as possible that it is merely the result of endos- 
mosis. A salt when applied to a part, permeates the tissue till it 
reaches the capillary vessels; an attraction is then exerted between 
the salt and the blood, which has a tendency to dissolve the s *t, as 
the salt has a tendency to dissolve itself in the blood; the blood will 
in consequence of this affinity be arrested and accumulated in the 
capillaries; the capillaries will be dilated, and the circulation in them 
retarded. It is very probable that dilatation of the capillaries, when 
produced by the application of a salt, is dependent on endosmosis 
alone. 

State of the capillaries in inflammation .—The results of the 
experiments detailed above appear, then, to admit of such different 
explanations, that they can be of scarcely any assistance in de¬ 
termining the state of the capillaries in inflammation, I shall, there¬ 
fore, simply detail the phenomena of this morbid process, as they 
have been observed and described by Thomson,* Kaltenbrunner,t 
and Koch.:]: 

The minute vessels of an inflamed organ contain at every stage of 
the process an increased quantity of blood: at the commencement of 
the inflammation, the blood flows into the capillaries in larger quan¬ 
tity than natural, circulates through them rapidly, and escapes from 
them into the veins without great difficulty; but in a more advanced 
stage of the disease, the circulation becomes impeded, and stagnates 
in the distended capillaries; at first single vessels only, but at last all 
the capillaries of the part, are seen filled with blood, which is motion¬ 
less, and if not coagulated, has at any rate undergone some change. 
Koch says that the colouring matter of the globules is dissolved by 
the serum in the inflamed part: this, however, is not probable, for in 
that case the fibrinous exudation would be coloured red. According 
to Koch, no new vessels are formed in inflamed parts; it must, how¬ 
ever, be remembered that they are certainly developed in the fibrin 
effused during the inflammatory process. When the inflammatory 
congestion has attained its highest degree in membranes which have 
a free surface, they pour out the dissolved fibrin of the blood. The 
fibrinous fluid or lymph coagulates on the surface of the membrane, 
forming pseudo-membranes.- If the inflammation is situated in a 
part where there is no free surface on which this exudation can take 
place, the coagulable matter accumulates in the capillary vessels 
themselves. When the consequent arrest of the circulation takes 
place only in isolated tracks of the capillary system, while the cir¬ 
culation of the organ is carried on, though incompletely, by the other 
capillaries; the part is merely rendered denser In texture,—a state 
which is called hepatisation, when it occurs in the lungs; in other 
organs, induration. If the violence of the inflammation is so great 
that the circulation in the organ is completely arrested, the blood in 

* Lectures on Inflammation, translated into German by Krukenberg. Halle, 
1820. 

t Exp. circa statum sanguinis et vasorum in inflammatione. Monach. 1826. 

q: Koch has given a review of the subject, with original experiments, in Meckel’s 
Archiv. Bd. vi. 
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all the capillaries is not merely coagulated, but decomposed; while 
the tissue itself undergoes decomposition: such a part is said to be 
gangrenous, or mortified,—its vitality is lost. Thomson has observed, 
that the vessels in gangrenous parts are sometimes filled with coagu¬ 
lated fibrin, and sometimes obliterated by the inflammatory process. 
Mortification ensues more readily when the nervous energy is di¬ 
minished, and in paralysed parts. 

If, after the congestion and effusion of lymph have taken place, the 
inflammation is still kept up, either by the persistence of the same 
causes, or by the accession of new, the tissue of the organ undergoes 
a peculiar change. The decomposed molecules of the tissue are 
separated in the form of pus,—a matter consisting of globules larger 
than those of the blood. No one, not even Kaltenbrunner, has ob¬ 
served satisfactorily by the aid of the microscope the formation of 
pus. Cold-blooded animals are not adapted for such an observation; 
it ought to be instituted on Mammalia,—on the wings of the bat, for 
example.* 

Nature of the inflammatory process .—In inflammation the phe¬ 
nomena are so far similar to those of vital turgescence, or orgasm, 
that the blood is attracted in increased quantity to the part, and 
escapes from it with difficulty. But the effects of inflammation show 
that it would be a great error to regard it as identical with increased 
vital action. In inflammation the function of the part is disturbed 
in consequence of the change of composition produced in it by the 
exciting cause of the inflammation; while nature makes an effort to 
repair this material change. In the reproduction of the antlers of 
the stag, in the phenomenon of erection, and in the turgid state of 
the uterus after conception, the turgescence is readily combined with 
increased vital power, and the excitement and the vital energy in 
these cases advance to a certain extent pari passu; but in inflam¬ 
mation the material change is the only part of the process which 
goes on increasing. The appearance of turgescence which arises 
from the blood being attracted and retained by the inflamed tissues,— 
perhaps for the purpose of restoring them to their natural condition, 
—is gradually exchanged for that of gangrene. The latter state en¬ 
sues as soon as the 'change produced in the tissues is so great that 
they lose the power, which in the healthy state they possess, of pre¬ 
serving the vital properties of the blood, and this fluid becomes de¬ 
composed in the vessels. Inflammation is produced by irritation of 
the capillaries, but itself consists neither in an increased nor in a 
diminished vitality. It is a peculiar state which may occur with the 
general vital powers in their normal state, or with these powers de¬ 
pressed; and which, in proportion to the degree of its development, 
if in an important organ, always exhausts the vital powers, even 
though they were not previously enfeebled. It is in fact a reciprocal 
action, morbid in its nature, which is set up between the tissues and 
the blood, in consequence of the changes produced in the part by the 

* The nature of pus and its mode of formation have been described more fully 
in Book 1. Chap. 11. b. on Regeneration with Suppuration. 
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irritating cause, and which is compounded of the original lesion of 
the part, of a local tendency to decomposition, and of a vital action 
striving to counterbalance that tendency. The vital action of the 
part sometimes overcomes the morbid tendency, as is exemplified by 
a wound when healing; sometimes it does not. 

When inflammation is excited in the skin by a blistering plaster, 
it pours out at first, in place of its ordinary secretions, a fluid which 
coatains merely albumen in solution. A higher degree of inflam¬ 
mation may give rise, in any membrane, to the exudation of fibrin; 
and in a further stage of the inflammatpry process pus only is 
formed. 

Influence of the nerves on the circulation in the capillaries .— 
Several physiologists have recently sought to prove, that the nerves 
have a great share in keeping up the circulation in the capillary ves¬ 
sels. Treviranus and Baumgartner have done most to support this 
theory. But although it is certain that turgescence of the tissues— 
their attraction of the nutritive fluid—is dependent on the influence 
of the nerves, it does not necessarily follow that this influence should 
at all aid the circulation. The numerous experiments of Baumgart¬ 
ner are far from being convincing. He himself confesses that many 
of them are not strictly conclusive; and, if proofs are imperfect, their 
number does not better establish the fact. Baumgartner directed a 
strong galvanic current through the ischiadic nerve to the foot of a 
frog; the irritability of the nerve was destroyed, and in most cases 
the circulation in the limb was arrested. But here, by destroying 
the nervous energy of the part, the influence by which the coagula¬ 
tion of the fibrin is prevented was abolished; and, besides this, it 
must be remembered that galvanism will produce coagulation of the 
albumen in the blood. After destruction of the spinal cord and brain, 
Baumgartner saw the motion of the blood in capillaries become 
slower, although the heart continued to beat. But here, again, the 
motion of the heart itself was weakened; and experiments which 
rest upon an indefinite “more” or “ less,” are not proofs. 

Treviranus asserted that division of the ischiadic nerve in the frog 
caused the circulation in the web of the foot to cease. But even 
Baumgartner denies that this is the case if the web is kept properly 
moist. 

The numerous experiments of Dr. Wilson Philip* also fail com¬ 
pletely to establish the infiuence of the nerves on the circulation in 
the capillaries. The retardation or cessation of the circulation in the 
capillaries which he observed when opium or infusion of tobacco 
was applied to the brain and spinal cord, or when these parts were 
suddenly destroyed, was dependent on the effect which was produced 
simultaneously on the heart. Kocht also made an ingenious and 
simple experiment with a view to determine the same point. He 
amputated the leg of a small frog, and found that the motion of the 
blood in the capillaries of the web of the foot continued only for 

* Experimental Inquiry into the Laws of the Vital Functions. 

t Meckel’s Archiv. 1827, p. 443. 
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three minutes. He then, in another frog, divided all the parts of the 
thigh but the ischiadic nerve, by which he left the limb attached to 
the body; and he now perceived motions in the capillaries for the 
space of a quarter or half an honr. I have repeated this experiment, 
but not with the same result. The motion of the blood in the capil¬ 
laries continued about ten minutes when the limb was completely 
separated from the body in strong frogs; and there was no difference 
in respect to time when it was left attached by the ischiadic nerve. 
In this experiment an error may be induced by the frog retaining the 
power of producing voluntary contractions of the muscles of the 
limb, as long as the ischiadic nerve maintains its connection with the 
nervous centres. After each contraction of the limb, a slight motion 
of the blood in the capillaries is perceived; but the cause of this is 
evidently mechanical. 

In the following experiment I avoided this cause of error:—I laid 
open the spinal canal in a frog; and while my assistant, M. Hoevel, 
applied the wires of a simple galvanic circle to the posterior roots of 
the spinal nerves,—the irritation of which excites no contractions of 
the muscles,—I watched the circulation in the foot of the frog. At 
the moment when the galvanic stimulus was applied, no change 
was produced in the motion of the blood. This experiment, how¬ 
ever, is not conclusive; for it might be the anterior roots of the nerves 
from which an influence on the circulation is derived. 

From the facts which we have detailed, it appears most probable 
that the nerves do not really assist in carrying on the circulation in 
the capillaries, although it is certain that nervous influence is the 
principal cause of the accumulation of the blood in the capillaries of 
certain parts during the state of vital turgescence. The observation 
that in a frog much exhausted the impulses communicated to the 
blood by the feeble contractions of the heart are perceptible in the 
capillaries, proves that no other force than that of the heart is re¬ 
quired to support the circulation. 


OP THE VEINS. 

Jiuxiliaries of the venous circulation .—The propulsive force of 
the heart transmitted through the arteries and capillaries is aided in 
accomplishing the circulation through the venous system by the 
action of the valves, with which the veins are provided, and which 
are so arranged that any intermitting pressure on these vessels 
favours the motion of the blood towards the heart. Hence the want 
of proper bodily exercise must have an injurious effect on the circu¬ 
lation, if it were merely from the loss of the aid which the action of 
the muscles affords to the motion of the blood in the veins. The 
veins themselves, with the exception of the root of the vena cava and 
of the pulmonary veins, have no contractile power. 

Dr. Marshall Hall has discovered in the eel a kind of auxiliary 
venous heart, situated at each side of the last caudal vertebra, 
which pumps the blood out of the small veins of the extremity of the 
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caudal fin into the vena caudalis. But I have not found a similar 
organ in other fishes. 

Active dilatation of the heart .—Many recent writers, believing 
that the contractile power of the heart is insufficient for the comple¬ 
tion of the circulation of the blood, ascribe some share in this func¬ 
tion to a power of suction which they suppose to be possessed by 
the heart. They imagine that, after the heart has contracted, its 
cavities return to a state intermediate between dilatation and con¬ 
traction, so as to give rise to a relative vacuum.* The degree to 
which the heart thus dilates after its contractijon, independent of being 
dilated by a fluid, can be but slight. But let us inquire how much 
effect is to be attributed to such a dilatation of the heart. During 
the contraction of the auricle, the great veins become more distended 
with blood, either on account of the reflux of a part of the blood of 
the auricle into them, or from that which they were pouring into the 
auricle being arrested in its progress. During the dilatation of the 
auricles the distension of the veins diminishes. This was observed 
by Magendie and Wedemeyer, and I have myself witnessed it in the 
dog. A knowledge of this fact is necessary in forming an opinion 
on the following experiments:—Wedemeyer and Guenther, having 
tied the jugular vein in a horse, made an opening into it between the 
ligature and the heart, and introduced a catheter, to which a bent glass 
tube had been cemented. The longer descending branch of the tube 
(two feet in length) was placed in a glass filled with water. At first 
the inspirations and the contractions of the heart were nearly simul¬ 
taneous and of the same frequency,—namely, thirty in a minute,— 
and the coloured water rose suddenly two or more inches in the tube 
at the moment of each inspiration and pulsation of the heart, and 
sank again each time to its former level. The inspirations gradually 
become twice as frequent as the pulsations of the heart; and Wede¬ 
meyer and Guenther now observed for a long period, that the rise 
of the fluid did not take place at each respiration, but at every beat 
of the heart, and consequently simultaneously with each dilatation 
of the auricle. This experiment seems to prove beyond doubt that 
the heart exerts a power of suction. This power is not, however, 
the principal cause of the blood’s motion in the veins. The fact, 
that large veins when divided continue to pour out blood from that 
portion of the vein which is distant from the heart, and connected 
with the capillaries and arteries, proves that the propelling power of 
the heart’s contraction extends to the veins; but Magendie has shown 
that the stream of venous blood from the lower end of a divided 
vein becomes stronger during each expiration, consequently that the 
effect of the compression of the arterial trunks which takes place 
during expiration also extends to the veins; and it is evident that the 
force thus exerted is far inferior to that of the heart’s contractions. 

The circulation in fishes likewise shows that the passage of the 
blood through a system of capillaries does not destroy the vis h tergo 

* See Zugenbuehler, Diss. de motu sang, per venas; Arch, der Med. und Chir. 
Schweiz. Aerzte. 1816; Schubarth, in Gilbert’s Annalen, 1817: and, on the other 
hand, Cams, in Meckel’s Archiv. iv. 412. 
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by which it is propelled; for in these animals the heart sends the 
blood through two systems of capillaries; first through that of the 
branchiae, whence it passes into the systemic arteries, which, as 
Nysten has shown, have themselves no contractile power; and after¬ 
wards through the general capillary system of the body. In all 
vertebrate animals, indeed, the vis a tergo derived from the heart 
is sufficient to propel the blood through the capillaries of the liver, 
after it has already circulated through those of the other abdominal 
viscera. 

Injluence of respiration .—Sir David Barry has recently given a 
new turn to these inquiries respecting the circulation in the veins. 
The heart, he says, when distended with blood, completely fills the 
pericardium; but, when it contracts, it no longer occupies the same 
space, and a partial vacuum ensues. To enable the auricles to fill 
this vacuum, the blood rushes into them from the great venous trunks. 
But Sir D. Barry attributes more importance to the effect of inspira¬ 
tion. During inspiration, he says, a partial vacuum is formed in the 
thoracic cavity, and all surrounding fluid must strive to enter to fill 
this vacuum; the atmospheric air rushes in through the trachea, dis¬ 
tending the lungs in proportion to the dilatation of the thorax, and 
in the same way the fluids in the vessels of the body being subject 
to the pressure of the atmospheric air, will be forced into the cavity 
of the thorax and distend the trunks of the great vessels contained 
in it. In consequence, however, of a vacuum being formed in the 
pericardium at each contraction of the heart, the blood of the great 
venous trunks is drawn into the auricles to fill this vacuum; so that 
the afflux of blood to the cavity of the thorax during inspiration 
takes place principally towards the auricles. To prove the correct¬ 
ness of his theory, he performed the following experiment:—He in¬ 
troduced one end of a bent glass tube into the jugular vein of an 
animal, the vein being tied above the point where the tube was 
inserted; the inferior end of the tube was immersed in some coloured 
fluid. He now observed that at the time of each inspiration the fluid 
ascended in the tube, while during expiration it either remained 
stationary, or even sank. When the tube was introduced into the 
pericardium itself, he observed the same ascent of the fluid. 

Poiseuille has instituted some experiments to determine the same 
question, but in a more accurate manner. He employed the instru¬ 
ment described at page 215. A solution of carbonate of soda was 
poured into the tube, filling both the perpendicular branches till it 
rose to a level with the horizontal portion; this point was the 0 of 
the scale. When the horizontal portion of the instrument thus pre¬ 
pared is connected with the cavity of a vein, if any suction is exerted 
in the vein, a part of the fluid will be drawn out of the instrument, 
and its level in the great perpendicular branch will fall; if, on the 
other hand, any pressure is exerted by the blood in the vein on the 
fluid in the horizontal portion, the level of the fluid in the branch 
will rise. The instrument was connected with the jugular vein of 
a dog; and it was observed that during expiration the fluid rose in 
the branch, and fell during inspiration; the rise at first equalled 3 
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inches 4 lines, the fall was 3 inches 6 lines below the previous level; 
afterwards the fluid ascended only 2 inches 4 lines, and fell 2 inches 
9 lines below the level. During great muscular efforts, the ascent of 
the fluid at the time of expiration was as much as 5 inches 6 lines, 
or 6 inches one line above the level; and the descent during inspira¬ 
tion 9 inches 5 lines, or 9 inches 11 lines below it. These experi¬ 
ments, which on repetition afforded the same results, confirmed 
Barry’s opinion that during inspiration the venous blood of the 
body is drawn into the venous trunks contained within the thorax. 
While, on the other hand, the effect of expiration in repelling the 
blood must be prevented by the action of the valves, and by the 
pressure exerted on the blood in the veins by the muscles. 

Sir D. Barry, however, estimated too highly the influence of inspi¬ 
ration on the motion of the blood. It is observable only in the large 
veins near the thorax. Poiseuille could not detect it by means of his 
instrument in veins more distant from the heart,—for example, in the 
veins of the extremities. The act of inspiration empties the large 
veins in the thorax, and less resistance is in consequence offered to 
the entrance of the blood from the other veins: but it cannot be the 
principal cause of the motion of the blood in the veins; and in the 
reptiles which breathe by the movements of deglutition, in fishes, 
and in the foetus, no movement of inspiration is performed. There 
can be no doubt, therefore, that the same power which moves the 
blood in the arteries, also effects its motion in the capillaries and its 
return to the heart through the veins; and that by the influence of 
inspiration on the great venous trunks, by the sucking action of the 
heart, and by the action of the valves, a part only of the resistance 
which opposes the course of the venous blood is overcome. 

The changes produced in the motion of the blood by the contrac¬ 
tion of the thorax during expiration, give rise to the tumefaction of 
certain parts. The vascular trunks are in expiration so compressed, 
that the blood is sent with increased force into the arteries, while the 
influx of blood into the right auricle is arrested. The consequence 
of this is not merely that the jugular veins become distended, but 
that even the brain is more fully injected with blood. Hence in 
cases where a portion of the skull has been removed by the trephine, 
the brain is in most cases seen to be elevated somewhat during ex¬ 
piration, and to collapse again during inspiration. Magendie declares 
that he has also observed this to take place in the spinal cord. In the 
natural state, the cranial cavity being inclosed by solid walls, no such 
movements of the brain can be caused by respiration; the brain can¬ 
not then alter its volume. All that has been advanced in favour of 
such a change of volume taking place in the natural state, is refuted 
by the physical impossibility of its occurrence. 

T/ie effects of impediment to the circulation in the larger veins 
are effusion of the watery and albuminous parts of the blood into the 
serous cavities and the cellular tissue. The fibrin is usually not 
effused; but in a case of ascites observed by Dr. A. Magnus, the 
fluid drawn off by paracentesis coagulated completely within a few 
minutes after its removal from the body. 
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Arterial and venous plexuses, or retia mirabilia. 

Tliesc vascular plexuses are, without doubt, to be reckoned among 
the facts in comparative anatomy which are of great physiological 
interest. They are structures formed by the sudden division of an 
artery or vein into the tuft of smaller twigs, or into numerous anas¬ 
tomosing branches, which may or may not unite again into a single 
trunk. The cases in which this reunion takes place are the more 
rare. It is met with in the arteries of the extremities and tail of some 
tardigrade Mammalia, such as Bradypus, Myrmecophaga, Manis, 
and Stenops.* The same structure occurs, however, in parts where 
it can have no relation to muscular motion; thus the rete mirahile 
caroticum in the Ruminantia and hog is formed by branches of the 
common carotid which again unite to form the cerebral carotid. 
Rappt shows, that in animals provided with a rete mirabile caro¬ 
ticum, the vertebral artery does not go to the brain, but is connected 
with the external carotid, as in the goat and calf, or where it has 
connections with the rete mirabile of the carotid, is still principally 
distributed to the muscles of the neck, as in the sheep. Similar 
plexuses of arteries exist in the orbits of Ruminantia, feline animals, 
and birds, according to Rapp and Barkow,f and give origin to the 
arteries of the eyeball. The vascular plexuses connected with the 
intercostal arteries and iliac veins of the Delphinse are of immense 
size.§ In some birds the arteria tibialis forms a rete mirabile. 
Among reptiles and Amphibia we know only the small vascular 
plexus seated on the trunk of the carotid of the frog, the so-named 
carotid gland. Some of the largest structures of this kind are those 
recently discovered by Eschricht and myself in certain fishes; and 
they are the more remarkable for being composed both of arteries 
and veins. 

These vascular structures have either a mechanical or a chemical 
influence on the blood. The transmission of the blood through nu¬ 
merous-small tubes which unite again to form single trunks, appears 
to have the object of produeinga local retardation of the circulation 
by thejncreased friction to which it gives rise. This view is appli¬ 
cable to all forms of rete mirabile. The theory that they are destined 
to secure the continuance ot the circulation in the extremities and 
tail of some climbing animals during prolonged action of the muscles, 
will.apply to a few forms only. There are at present no other grounds 
for supposing that these vascular plexuses have a chemical action 
than their analogy with the plexuses of lymphatics and the lymphatic 
glands, and the observation of Dr. J. Davy, that the thunny has the 
power of maintaining a temperature much above that of the sur- 

* Sir A. Carlisle, Philos. Transact. 1800. Vrolik, De peculiar! Art. Extremi- 
tatum in nonnullis Animalibus Dispositione. Amsterd. 1826. 

I Meckel’s Archiv. 1827. 

4: Meckel’s Archiv. 1829. 

§ Breschet, Hist. Anat. et Physiol, d’un Organe de Nature vasculaire decou- 
verte dans les Cetaces. Paris, 1836.—Baer, Nov. Act. xvii. These vascular 
plexuses were known to Tyson (Anatomy of a Porpoise), and were more accu¬ 
rately described by Mr. Hunter (On the Structure and Economy of Whales). 
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rounding medium. This supposition has, however,little probability 
in its favour. The passage of the blood of4he digestive organs 
through two capillary systems appears in all Vertebratato be partly 
intended to produce a local retardation of the circulation; in the 
fishes in which the vessels of the abdominal viscera form these vas¬ 
cular plexuses, the motion of the blood must be still more retarded. 

The erectile structures. 

The only erectile parts are the penis, and in some cases, perhaps, 
the clitoris. The apparently erectile appendage on the head of the 
turkey has been shown by Schwann to consist in great part of mus¬ 
cular fibres, and to contain no trace of erectile tissue. As it regards 
the erection of the nipple in the male subject, as well as in women, 
while suckling, these seem to depend on the action of contractile 
tissue similar to that which exists in the dartos and prepuce, and. 
apparently also around the follicles of the skin. 

Erection seems to belong to the class of phenomena to which the 
term, “turgescence, or turgor vitalis,” is applied; but it is distin¬ 
guished by its occurring only in parts which have a peculiar struc¬ 
ture. 

In erectile parts the vessels are susceptible of great dilatation, and 
the veins very sinuous, forming numerous anastomoses and plexuses; 
so that the capacity of all the plexuses, when dilated, exceeds be¬ 
yond comparison that of the arteries and veins which convey the 
blood to and from them. In the undistended state, the same quan¬ 
tity of blood is sent to the extensile vessels as returns from them; 
but, during the state of erection, the blood is probably retained in 
them, in consequence of the affinity between it and the parietes of 
the vessels being increased. 

When the erectile part is supported by a strong fibrous tissue, 
lying in the intervals of the venous plexuses and connected with an 
external fibrous tunic, as is the case in the corpora cavernosa penis, 
it acquires, during the state of erection, great tension and firmness. 

Injected matters pass pretty freely from the arteries of the penis 
into the veins, particularly in the corpus spongiosum urethrse, and 
glans. Professor M. J. Weber has shown to me a series of beautiful 
preparations of the penis injected from the arteries.* In the corpus 
cavernosum of the penis of the horse there are, between the anasto¬ 
mosing veins, a number of pale red bundles of fibres, which, for the 
most part, run longitudinally, but are connected by transverse bands. 
Viewed by the microscope, these fibres do not present any resem¬ 
blance to muscular fibres. Boiled in water for seven hours they 
yield no gelatin, and their solution in acetic acid is precipitated by 
ferrocyanuret of potassium. All we can conclude from this analysis 
is, that they do not belong to the cellular, tendinous, or elastic tissues. 

I could excite no contraction in the fibres of the corpus caverno- 

* Cuvier, Anat. Comparee, t. iv.; Moreschi, Meckel’s Archiv. v. 403; Ribes, 
ibid. 447; Tiedemann, Meckel’s Archiv. ii. 95; Panizza, Osservazioni Antropo- 
zootomicofisiologiche. Pavia, 1830. 
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sum, by means of galvanism, in a living horse. Hence they would 
seem not to be muscular.* * * § 

The principal exciting cause of the erection of the penis is, as is 
well known, nervous irritation, originating in the part itself or derived 
from the brain and spinal marrow. Congestion of the brain and 
spinal cord has the same effect, and it is from this cause that the 
above-mentioned phenomena are sometimes produced in persons 
hanged. The nervous influence is communicated to the penis by the 
pudic nerves which ramify in its vascular tissue. Guenther has 
observed that, after division of these nerves in the horse, the penis is 
no longer capable of erection.t The stallion on which the experi¬ 
ment was performed was led to a mare; he showed desire to cover, 
but no erection of the penis took place. On the following day the 
penis was swollen, but not in a state of erection. More recently 
GuentherJ has repeated this experiment, and with a similar result as 
to the effect on the penis; but the horse did not, as in the former in¬ 
stance, show any sexual desire when led to a mare after the opera¬ 
tion. 

My discovery of the remarkable structure of the arteries of the 
corpora cavernosa penis throws new light on the phenomena of 
erection. The arteries of the corpora cavernosa have two sets of 
branches. When the arteria corporis cavernosi is injected with 
size and vermilion, the injected matter always fills the venous cells; 
and if it is afterwards washed from them, the arterise helicinae will 
be seen injected.§ They come off from the side of the arteries, and 
consist of short tendril-like branches, terminating abruptly by a 
rounded, apparently closed, extremity, turned back somewhat on 
itself. The means by which during life they are enabled to force 
blood into the cells, must be an increased attraction excited between 
their coats and the blood by the nervous influence transmitted to 
them from the spinal cord, in consequence of which an increased 
quantity of blood flows to them. This discovery throws new light, 
at the same time, upon the mutual action of the blood and smaller 
vessels in other parts, and upon the phenomenon of active turges- 
cence, or turgor vitalis.|| The blood is returned from the corpora 
cavernosa partly by small veins, running at the sides and on the sur¬ 
face of these bodies into the vena dorsalis, partly by deeper veins 
which issue from the corpora cavernosa at their root, and enter im¬ 
mediately the venous plexus, situated behind the symphisis pubis. 
The fact, then, that the vena dorsalis does not return the blood from 

* Muller’s Archiv. 1834, p. 50; 1835, p. 26. 

f Meckel’s Archiv. 1828, p. 364. 

4: Untersuch und Erfahr. im Gebiete der Anat. Physiol, und Thier-arzneikunde. 
Abstracts are given in Muller’s Archiv. 1838, p. clxiii. and in Valentin’s Reperto- 
rium, 1838. , 

§ Prof. Valentin (Muller’s Archiv. 1838. p. 182) denies the existence of the 
arteriae helicinae: he supposes erection to be in a great measure due to the active 
dilatation of the veins by muscular fibres, attached to tendinous tissue between the 
anastomosing veins; but the characters on which he founds his belief that the fibres 
in question are muscular, are not conclusive. 

II Muller’s Archiv. 1834, p. 202, tab. xiii. 
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the deep veins, shows that no pressure on the former vein alone can 
cause accumulation of blood in the penis.* 

The sensations of the organs of generation are due to the pudic 
nerves; but the act of erection seems to be principally dependent 
on the organic nervous system, a plexus of delicate filaments belong¬ 
ing to which is given off by the hypogastric plexus, and passes under 
the arch of the pubis so as to reach the root of the penis; where the 
nervous filaments composing it unite with branches of the pudic 
nerve, enter with them the substance of the corpora cavernosa penis 
and corpus spongiosum urethrae, and ramify upon the blood-vessels. 
The sensitive nerves of the penis transmit impressions to the spinal 
cord, and through the medium of it probably excite the action of the 
organic nerves and vessels necessary for the production of erection; 
the effusion of blood into the corpora cavernosa follows, and the dis¬ 
tention of the erectile tissue is rendered more perfect by the contrac¬ 
tion of the musculi ischiocavernosi, or erectores penis, which im¬ 
pedes the escape of the blood by the veins. 

In order to ascertain the amount of force necessary to give the 
proper rigidity to the corpora cavernosa by the propulsion of fluid 
into them, I fixed into an opening made into one of those bodies in 
a dead subject, a glass tube six feet in length, and filled this tube, 
held perpendicularly, with water, while the return of the water by 
the veins was prevented by pressure within the pelvis. When the 
column of water attained the height of six feet, the erection of the 
penis was perfect. Hence it appeared that the blood accumulated in 
the penis, during erection, is subjected to a pressure equal to that of 
a column of water of six feet in height, which is about the same 
pressure as that with which the blood moves in the arteries. 


CHAPTER V. 

OP THE ACTION OF THE BLOOD-VESSELS IN THE PROCESS OP 
ABSORPTION AND EXUDATION. 

a. Of Absorption. 

The office of absorption was ascribed to the veins until after the 
discovery of the lacteals by Asellius, in 1622, and subsequently of 
similar vessels—the lymphatics—in most other parts of the body, 
when these latter vessels were supposed to be the sole organs of 
absorption. The fact of the lacteals becoming turgid with chyle 
soon after taking food, and the arrangement of their valves, which 
is such as to favour the course of the chyle and lymph towards the 
thoracic duct, and to prevent its motion in the opposite direction, are 
corroborative of the opinion that they perform the function of absorp- 


♦ See the article “ Erection,” by Muller, in the Encyclop. Wortenbuch d. me- 
dicin. Wissench. 

21 * 
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tion. It has, however, at different times been remarked that the 
lymphatics cannot be the sole organs for the fulfilment of this office. 
The absorption of the osseous matter in the interior of the bones in 
the formation of their cells, and the absorption of the alveoli of the 
teeth in old persons, are facts well known, and yet there are no lym¬ 
phatics in bones. It is certain also that pus, portions of the lens, and 
blood in the interior of the eye, become absorbed, and nevertheless 
no lymphatics have been discovered in the interior of that organ. 
Lastly, we need only instance the absorption of the yolk of the egg 
by the germinal membrane, in which no one will assert that there are 
lymphatics during the first days of incubation; if the invertebrate 
animals which possess no lymphatics, did not sufficiently prove the 
possibility of absorption being performed without the agency of these 
vessels. 

Proofs of absorption by the blood-vessels .—It required, however, 
a long course of experiments to establish the fact of the immediate 
absorption of matters into the blood without the aid of lymphatics. 
Magendie, Emmert, Mayer, Lawrence, B. H. Coates, Harlan, Tiede- 
mann, Gmelin, and Westrumb, have particularly distinguished them¬ 
selves in this inquiry. 

Delille and Magendie having divided all the parts of the thigh of a 
dog except the crural artery and vein, leaving merely these vessels, 
which were dissected quite clean, and freed from their cellular coat, 
to maintain the connection of the limb with the trunk, then inserted 
two grains of a strong poison (the upas ticiiti) into a wound in 
the foot. The action of the poison was as rapid as if the limb had 
been previously uninjured. The symptoms began to show them¬ 
selves in four minutes, and in ten minutes the animal was dead. 

The same physiologists made a similar experiment on a convolu¬ 
tion of intestine in a dog, in which the lacteals had been previously 
made visible by giving the animal a good meal. The intestine was 
tied at two points, with an interval of fifteen or sixteen inches; the 
lacteals of this portion of intestine were then tied each with two 
ligatures and divided. They satisfied themselves that no other 
lacteals ran from this part of the intestine, so that its only means of 
communication with the circulation were the arteries and veins. 
They now injected into the intestine two ounces of decoction of nux 
vomica, and retained it there by a ligature. Symptoms of poisoning 
ensued in six minutes."^ 

Magendie laid bare one of the jugular veins in a young dog of six 
weeks old, and isolated it from surrounding parts in its whole length, 
so that he could pass a card beneath it. He then applied freely to 
the vein a watery solution of spirituous extract of nux vomica. The 
symptoms of poisoning appeared before the fourth minute; when a 
similar experiment was made on an adult dog, the symptoms came 
on in ten minutes.t 

* Elements of Physiol, translated by Milligan, 4th ed. p. 314. 

I Magendie, 1. c p. 358. 
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Segalas* has repeated these experiments in a different manner. 
He tied the blood-vessels, or merely the veins of a portion of intes¬ 
tine, the lymphatics being uninjured, and was then unable to kill a 
dog, even in an hour, by means of poison introduced into the intes¬ 
tine. 

The results of Mayer’st experiments, in which he injected a solu¬ 
tion of prussiate of potash into the lungs, must be more accurately 
detailed. As early as from two to five minutes after its injection 
into the lungs, the salt could be detected in the blood by the green or 
blue precipitate produced in the serum by the addition of muriate or 
sulphate of iron. The rapidity with which the prussiate of potash 
enters the blood, is too great for it to be explained by means of the 
slow circulation of the lymph. The salt was detected in the blood 
long before it was perceptible in the chyle, and in the left side of the 
heart before a trace of it could be detected in the right cavities; while, 
if the absorption had been effected by the lymphatics, the course of 
the lymph being first into the venous blood of the body, the salt ab¬ 
sorbed ought to be detected first in the right cavities of the heart. 
Eight minutes after its injection into the lungs, prussiate of potash 
shows itself in the urine. It is found also in the skin, in the fluid of 
the articular cavities, in the abdominal cavity, in the pleura, in the 
pericardium, in the fat, in the fibrous membranes,—for instance, the 
dura mater,—in the aponeuroses, in the arachnoid, in the capsular 
and lateral ligaments, in the internal ligaments of joints,—as the 
crucial ligaments of the knee-joints and the ligamentum teres of 
the acetabulum,—in the perichondrium, and in the valves of the 
heart. The kidneys were the only glands in which it could be 
detected; prussiate of potash, like most salts, being excreted from the 
blood by the kidneys. The liver did not become stained on its ex¬ 
ternal surface when the salt of iron was applied, but the colour was 
evident in the interior of the gland, although still only around the 
large vessels which were enclosed in the cellular tissue of the capsule 
of Glisson: no change of colour was produced in the bile, and a very 
slight one only in the milk. In the testicle, the salivary and pan¬ 
creatic glands, and more especially in the cellular tissue of these 
parts, the colouring was more distinct. The spleen evidenced no 
change of colour, the suprarenal capsules scarcely any, and none was 
produced in the muscles, except at the parts where the bundles of 
muscular fibre were enveloped in fibrous membrane. The nerves 
became green externally, but this was dependent on the cellular 
membrane which surrounded them; the nervous substance itself and 
the brain and spinal cord, displayed not the slightest alteration of 
colour. The colour of bone also remained unchanged. The reason 
of these differences is, perhaps, that the prussiate of potash is decom¬ 
posed in some tissues, so as tn render its detection by chemical tests im¬ 
possible, for it must be distributed with the blood equally to all parts. 

Some of the experiments which the committee of the Academy of 

* Magendie’s Journal de Physiolog. ii. p. 117. 

t Meckel’s Archiv. t. iii. 1817, p. 485, 
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Medicine of Philadelphia, Drs. Lawrence, Coates and Harlan, insti¬ 
tuted,* * * § seem to be opposed to the results obtained by Mayer, and by 
all the observers hitherto mentioned; and are in favour of the opinion 
that absorption is performed chiefly by the lymphatics; but they are 
not conclusive: they merely prove that chemical agents are ab¬ 
sorbed by the lymphatics as well as by the capillaries. Westrumbt 
detected prussiate of potash in the urine two minutes after injecting 
it into the stomach, while the lymph and chyle contained none. The 
ureters had been divided, and tubes fixed in them, from which the 
urine was received. 

Tiedemann and Gmelin in numerous and well conducted experi¬ 
ments found that foreign (saline) matters introduced into the stomach 
by the mouth very rarely found entrance into the chyle; colouring 
matters never. These results, which, from the accuracy with which 
the experiments were performed, can be in great measure depended 
upon, agree with those of the experiments made by Hall^f and 
Magendie.§ On the other hand, they are opposed to those of Martin, 
Lister, and Musgrave,|| of Hunter, Haller, and Blumenbach, as well 
as of Viridet and Mattel, who assert that they have observed a yellow 
or red colour in the chyle after food consisting of yolk of eggs or red 
beet had been taken. 

FoderalF and Poiseuille** detected prussiate of potash both in the 
veins and lacteals soon after its injection into the intestine of a living 
animal. Schroeder van der Kolk could perceive it only in the lac¬ 
teals, on repeating this experiment. It may be remarked, that a 
blue tint is exceedingly ditficult to detect in the blood itself, and 
cannot be recognised with certainty except in the serum of the blood. 
Lawrence and Coatestt did not detect the salt in the blood before it 
was perceptible in the upper part of the thoracic duct. 

Several experiments to determine the influence of ligature of the 
thoracic duct on absorption have been made by Brodie, Magendie, 
Delille, and Segalas. In Brodie’sff experiments, the fatal effects of 
alcohol and woorara poison were still produced, after the thoracic 
duct was tied. 

Since, however, the thoracic duct has sometimes in animals com¬ 
munications with veins,—for instance, branches joining the vena 
azygos, as in the hog,—and since even a right thoracic duct some¬ 
times exists, while the absorbent vessels have frequent communica¬ 
tions with each other, the application of a ligature to the thoracic 
duct cannot absolutely prevent the passage of the poisoned lymph 
into the blood. 

Emmert has demonstrated the immediate passage of matters into 

* Philadelph. Journ. N. 6. Froriep’s Not. N. 49. 

t Meckel’s Archiv. vii. 525, 540. 

Fourcroy's Systeme des Connaiss. Chim. 10, 66. 

§ Loc. cit. II Phil. Trans. 1701, 819. 

If Recherch. exp. sur I’exhalation et I’absorption. Par. 1824. 

** Breschet’s Systeme Lymphatique, p. 211. 

Froriep’s Not. 77. Philadelphia Journal, Aug. 1822; and London Med. and 
Phys. Journal, 1823, v. 49, p. 15. 

Phil. Trans. 1811. 
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the blood, by showing that they do not enter the circulation when 
the blood-vessels are tied. Jacobson,* lastly, has shown, that in 
mollusca, which possess no lymphatics, prussiate of potash, never¬ 
theless, finds its way readily into the blood from every surface to 
which it is applied, and is again eliminated from the blood by the 
secreting organs,—the lungs, liver, and saccus calcareusA 

The immediate absorption of matters by the capillary blood-vessels 
is proved by all these experiments, but especially by the extraordi¬ 
narily rapid effects of poison; for it is equally certain that the gene¬ 
ral effects of poisoning depend, not on nervous communication, but 
wholly on the noxious substance entering the circulation. 

All the phenomena which we have detailed might, however, be 
dependent on absorption by the lymphatics, if, as some recent writers 
suppose, the lymphatics and small veins do really communicate. 
But this objection may be completely set aside by the known laws 
of the imbibition of animal tissues. 

Imbibition .—Until recently the passage of matters into the blood 
was supposed to depend on a peculiar absorbing power of the veins. 
But it is now known that fluid matters may find their way into the 
blood of the capillaries, without the aid of this imaginary power of 
absorption; and from the capillaries they necessarily pass first into 
the veins, the direction in which all the blood of the capillaries moves 
being from the arteries towards the veins and the heart. The pri¬ 
mary phenomenon in the immediate absorption of substances in 
solution into the blood, is the permeation of the animal tissues by 
fluids brought into contact with them. The property of permeability 
by fluids possessed by tissues even after death, depends upon their 
invisible porosity, and is termed “imbibition.’’ This kind of absorp¬ 
tion being exercised by dead animal textures as well as the living, 
may be correctly termed the inorganic, in contradistinction to the 
lymphatic absorption. 

Gases, and thin fluids, together with the matters they hold in 
solution, permeate moist animal textures. Two kinds of gases in 
contact with the two surfaces of a moist animal bladder, one being 
within it and the other external to it, each permeate the bladder till 
they are equally mixed. The bladder having been previously dried 
and then moistened does not prevent this process taking place. A 
gas will permeate a moist bladder, to be absorbed by a fluid within 
it. This explains how it is that gaseous matters can enter into the 
blood during respiration, without the globules of the blood escaping. 

* Froriep’s Notiz. xiv. p. 200. 

I On the subject of absorption by the capillaries and veins, consult Westrumb, 
Physiolog. Untersuch. liber die Einsaugungs-kraft der Venen. Hannover, 1825. 
Tiedemann und Gmelin, Versuche iiber die Wege, auf welchen Substanzen aus 
dem Magen and Darmkanal ins Blut gelangen. Heidelb. 1820. Seiler und Fici- 
mis in Zeitschrift fur Natur-und Heilkunde, ii. 378. Jaeckel, De absorptione 
venosa. Vratislav, 1819. Lebkuckner, Diss. utrum per viventium adhuc animal, 
membran. aq. vasor. parietes mater, ponderab. illis applicat. permeare queant, nec 
ne. Tiib. 1819. Wedemeyer, iiber den Kreislauf. Hannover, 1828, 421. Scha- 
bel, de effect, veneni rad. veratri albi et hellebori nigri. Tub. 1819. Schnell, Diss. 
sist. hist, veneni upas antiar. Tub. 1815. Tubing. Blatter. 3. 1. 1817. 
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The gaseous matters permeate the membranes of the lungs, and are 
dissolved in the blood circulating in the numerous capillaries which 
traverse these membrances, by virtue of the invisible porosity of the 
coats of the vessels, which, nevertheless, have no openings large 
enough to admit the red particles of the blood. If a piece of moist 
bladder is tied over a bottle completely filled with water, so that 
the bladder is in contact with the surface of the water, and if some 
salt is then strewed over the outer surface of the bladder, it is 
dissolved by the water which permeates the pores of the bladder, 
and thence is imparted to the water in the vessel. The primary 
cause of imbibition, or the permeability of animal tissues, is there¬ 
fore the tendency which substances have to diffuse themselves uni¬ 
formly in the fluid in which they are dissolved. A salt in solution 
has a tendency to diffuse itself through any other fluid with which 
it is miscible. Salt water and water, for example, when in contact 
become uniformly mixed with each other. Animal tissues owe their 
softness to the watery fluids which they contain, and which fill their 
pores. Any matter in solution, therefore, which comes in contact 
with them will tend to diffuse itself in the fluids of the pores, and 
again, through the medium of these pores, with fluids in contact 
with the opposite side of the membrane, until the distribution of the 
matters dissolved is uniform in the two fluids which the membrane 
separates. There are, however, particular circumstances under 
which the process of imbibition is accelerated by attraction, or by the 
action of capillary tubes. The latter is the case when a dry animal 
texture is moistened, for there the capillary attraction of the empty 
pores must favour the entrance of the fluid. The influence of 
attraction in modifying imbibition is displayed in the phenomena of 
endosmose and exosmose, first discovered by Parrot, and farther 
investigated by Porret, Dutrochet, and others. If a solution of any 
salt, or of sugar, is poured into a glass tube closed below by a piece 
of bladder, the particles of the solution permeate the pores of the 
bladder, but do not pass through it. If the tube thus filled is placed 
in a vessel containing distilled water, the fluid gradually rises, and 
sometimes to the extent of several inches, within the tube, while by 
proper tests it is found that at the same time a portion of the solution 
has found its way from the interior of the tube to the water external 
to it. The elevation of the level of the fluid in the tube continues 
till the two fluids are homogeneous. If the tube contains water, 
and the exterior vessel the saline solution, the water sinks in the 
tube. If both vessels contain solutions of different salts, but of the 
same density, the level of the fluids does not alter, but the two salts 
become equally mixed. If, on the contrary, one solution is more 
concentrated than the other, the quantity of the more concentrated 
one becomes increased. The same phenomena are observed when, 
in place of the bladder of an animal, porous mineral substances are 
used. Two explanations of the phenomena have been given. The 
first, which was offered by Magnus and Poisson, is, that between the 
particles of a saline solution a compound attraction subsists, consist¬ 
ing of the mutual attraction of the salt and water, of the attraction 
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between the individual particles of the water, and of that between 
the individual particles of the salt. This compound attraction is sup¬ 
posed to be more powerful than the simple attraction between the 
particles of water.* * * § The second explanation is the following:—The 
animal bladder, inasmuch as it is porous, may be viewed as a sys¬ 
tem of capillary tubes exerting attraction on the fluids, which are 
tending through their medium to mix with each other. If, now, one 
of the fluids be more strongly attracted by the tissue of the bladder 
than the other, it will, of course, be longer retained in its passage 
through the pores; and while the level of the fluid which passes 
through more quickly will necessarily fall in the vessel that contains 
it, that of the slowly traversing one will rise until the increasing 
pressure of the rising column of water counterbalances the eflect of 
the more powerful attraction.! 

Dutrochet has named the phenomena which we have described 
“endosmose” and “exosmose,” according as the quantity of the one 
or of the other fluid increases under different conditions. In the 
direct passage of matters in solution into the capillaries and the 
blood, endosmose without doubt takes place, and not merely simple 
imbibition. Dutrochet has demonstrated this by experiment. A por¬ 
tion of the intestine of a young fowl, half filled with a solution of 
gum, sugar, or common salt, and tied at both ends, was placed in a 
shallow vessel filled with water, when it soon became filled to dis¬ 
tension. If, on the contrary, the intestine contained pure water, 
and was immersed in sugared water, it became gradually more lax, 
and the fluid in the intestine was afterwards found to contain sugar.J 

Dutrochet’s hypothesis, that electric action is connected with 
these phenomena, has not been confirmed: nor does it constantly 
happen that the denser fluid attracts more of the thinner than the 
latter does of the former: in the case of gases especially, the contrary 
is sometimes seen to be the case. But the chemical constitution of 
the fluid, and its physical and chemical relation to the animal mem¬ 
brane which it permeates, seem to have an important influence on 
the phenomenon. Dilute alcohol kept in a bladder becomes more 
concentrated, the water alone evaporating;§ and it has been found 
that if a portion of the intestine of a fowl filled with a watery solution 
of acacia gum and rhabarbarin, and tied close, is laid in a vessel con¬ 
taining water, the intestine becomes distended, while the rhabarbarin 
exudes from it. Similar sacks filled with a weak solution of sulphate 
of iron, and laid in a solution of ferrocyanate of potash, became dis¬ 
tended in consequence of the endosmosis of the water of the external 
solution, which at the same time acquired a blue colour from the 

* Berzelius, loc. cit. p. 134. 

t Biot, Experimental-Physik, translated into the German by Fechner, i. 384. 
See also Poisson, in PoggendorPs Annal. xi. 134. Fischer, ibid. 126. Magnus, 
ibid. X. 153; and Wach, Schweigg. Journal, p. 20. 

Dutrochet, L’Agent immediat du mouvement vital. Paris, 1826. Nouv. Rech. 
sur I’endosmose. Paris, 1828. See also the article Endosmose in the Cyclopedia 
of Anatomy. 

§ See experiments of Staples in Kastner’s Arch, fur Chemie, Bd. iii. H. 1—3, 

p. 282. 
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salt of iron having passed through the membranes in an outward 
direction, while the absence of this colour in the fluid in the interior 
of the portions of gut proved that the salt of potash had not per¬ 
meated them. The phenomenon of the endosmosis of gases, on 
which Dr. Faust* has instituted experiments, are very remarkable. 
A bladder half filled with atmospheric air being placed under a jar 
containing carbonic acid becomes more distended; and if the bladder 
which is placed in the carbonic acid gas contains hydrogen, it be¬ 
comes distended to bursting. If, on the contrary, the jar contains 
the lighter, and the bladder the denser gas, the bladder becomes 
collapsed.(a) 

Time required for absorption by the capillaries .—I wished to 
know the time required for any substance to reach by the way of 
imbibition the superficial layers of the capillaries of a part which is 
not invested by epidermis, so as to enter the circulation. The deli¬ 
cate membrane which forms the villi of the intestines in the calf and 
ox contains capillary blood-vessels, although the villi themselves 
measure only slg^th of an inch in diameter. From this measurement 
we can conceive to what depth fluids must permeate to reach the 
capillaries of any membrane free from epidermis. Having put into 
a glass vessel with a very narrow neck some solution of prussiate of 
potash, I tied over it, in one experiment, the urinary bladder of a 
frog, in another the lung of the same animal, then with a hair-pencil 
applied to the surface of the soft membrane some solution of a salt 
of iron (the muriate), and at the same moment inverted the glass, so 
that the solution of prussiate of potash came in contact with the 
inner surface of the membrane. A second of time had not elapsed 
when a pale blue spot formed, and soon became more distinct. It 
appears, therefore, that substances in solution permeate a membrane 
of the thickness of the stretched bladder of a frog in perceptible 
quantity within a second of time. The membrane forming the 
frog’s bladder consists of several layers, and is very much thicker 
than the organised membrane which forms the intestinal villi. We 
may therefore safely admit, that substances in solution permeate, in 
quantity sufficient to be detected, a membrane not covered by epi¬ 
dermis, so as to reach the first layer of capillaries, and thus to enter 
the circulation in a shorter time than a second. Now the blood, ac¬ 
cording to Hering’s calculation, circulates through the whole body 
in half a minute, and, according to others, in from one to two 


* Amer. Med. Journ. vol. vii. Froriep’s Not. N. 646. 

(a) Dr. J. K. Mitchell, at the time (1830) lecturer on Chemistry in the Phila¬ 
delphia Medical Institute, and now Professor of the Practice of Medicine in Jef¬ 
ferson Medical College, instituted a course of experiments still more varied on the 
subject, which he entitled, “ On the Penetrativeness of Fluids," (Jim, Journ. Med. 
Scien. Vol. VII.) Subsequently, in 1833, he renewed his inquiries, which were 
published in the Am. Journ. Vol. Xlll, under the head of the Penetration of Gases. 
He performed at this lime numerous experiments on the penetration of gases 
through wet and recent animal tissues, as well as inorganic membranes; and 
has thus put on record much valuable matter, and furnished at the same time preg¬ 
nant suggestions for the physiologist, in his investigations into absorption, respi¬ 
ration, secretion and nutrition. 
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minutes; consequently we may suppose that a minute quantity of 
any substance in solution, which comes into contact with a mem¬ 
brane free from epidermis, may be distributed through the circulating 
systetn in the period of from half a minute to two minutes. 

xS^ction of poisons .—The narcotic poisons act, it is true, by 
abolishing the nervous energy, but, when applied locally to the 
nerves, their effects are only local. I held the nerve of a frog’s leg, 
which was separated from the body, in a watery solution of opium 
for a short time, and that portion of the nerve lost its irritability, i. e. 
its property of exciting twitchings of the leg when it was irritated; 
bill, below the part that the poison had touched, the nerve still 
retained this function. Opium, therefore, produces a change in the 
nervous matter itself; but the influence is local, and is not propa¬ 
gated through the nerves, so as to produce general poisoning. Frogs 
are very sensible to the effects of opium; and nevertheless, if the 
leg of a frog is separated from the body, the nerve only being left to 
maintain the connection, and is then placed in a solution of opium, 
and kept there for several hours, the animal suffers no narcotic in¬ 
fluence; provided, however, that it is so confined, that in its struggles 
it cannot throw any of the fluid over its body. More recently I laid 
bare the ischiadic nerve in toads, and removed all the flesh of the 
thigh, leaving the leg and thigh connected to the trunk by means of 
the bone and nerve only. I then immersed the leg in a solution of 
the acetate of morphia, and in a concentrated solution of opium, and 
kept the animals thus for a considerable time. No general symp¬ 
toms of narcotisation were produced; even at the end of many hours, 
the animals retained perfect power of motion and sensation in the 
rest of the body. 

These experiments, as well as many others, instituted by well- 
known physiologists, prove that, before narcotic poisons can exert 
their general effects on the nervous system, they must enter the cir¬ 
culation. Dupuy and Brachet indeed maintain that animals cannot 
be destroyed by narcotic poisons introduced into the stomach, if the 
nervLis vagus has been divided on both sides, or, at least, that they 
do not die so soon. But in thirty experiments on Mammalia, which 
M. Wernscheidt performed under my direction, not the least differ¬ 
ence could be perceived in the action of narcotic poisons introduced 
into the stomach, whether the nervus vagus had been divided on 
both sides or not, provided the animals were of the same species and 
size. 

The first facts in support of the correct theory of the action of nar¬ 
cotic poisons we owe to Fontana,* who instituted experiments with 
the poisons of the viper, licanas, and laurel-berries, and with opium; 
and found that these and similar poisons did not produce their gene¬ 
ral effects unless they entered the circulation, and that, applied to the 
nerves, they exerted only a local influence on them. Sir B. Brodiet 
afterwards divided all the nerves of the anterior extremity in the 
axilla of a rabbit, and applied woorara poison to a wound in the foot 


* On poisons. 
22 


t Phil. Trans. 1811, p. 178; 1812, p. 107. 
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of the same limb: the action of the poison was not prevented. He 
applied a strong ligature to the hind leg of a rabbit, excluding only 
the principal nerves, and then inoculated the leg with woorara; but 
no poisonous effects were produced until he loosened the ligature, 
when they immediately ensued. Wedemeyer* * * § found that prussic 
acid, so strong that it proved fatal within a second when introduced 
into the eye and other parts of the body, produced no such rapid 
effect when applied immediately to the nerves. Ernmert amputated 
the extremities of animals, leaving them connected with the trunk 
by the nerves only, and then introduced poison into the feet; no 
general symptoms resulted. He likewise applied the poison to the 
nervous trunks themselves, but without effect. C. Viborgt applied 
almost a drachm of concentrated prussic acid to the brain of a horse, 
laid bare by means of the trephine, without the slightest symptoms 
of poisoning being produced. J Hubbard§ has, it is true, seen prussic 
acid applied to the nerves, act rapidly; but he himself confesses that 
when he isolated the nerve by placing a card beneath it, the poison 
produced no effect. 

The rapid action of the greater number of narcotic poisons is per¬ 
fectly explicable by the facts above detailed respecting absorption 
by imbibition. Prussic acid, however, exerts its influence in a much 
shorter time than would be required for it to enter the circulation 
through the medium of the capillaries, which, as we have said, is 
half a minute, or two minutes. The spirituous solution of extract 
of nux vomica, also, introduced in small quantity into the mouth of 
a young rabbit, produces immediate death; whereas when applied 
to a nerve at some distance from the brain,—for instance, to the 
ischiadic nerve,—it produces no general symptoms. Concentrated 
prussic acid, also, as Wedemeyer observed, does not exert its poi¬ 
sonous influence when applied merely to a bare nerve. The rapid 
effects of prussic acid can only be explained by its possessing great 
volatility and power of expansion, by which it is enabled to diffuse 
itself through the blood more rapidly than that fluid circulates, to 
permeate the animal tissues very quickly, and in a manner inde¬ 
pendent of its distribution by means of the blood, and thus to pro¬ 
duce the peculiar material changes in the central organs of the 
nervous system more quickly in proportion as it is applied nearer 
to it. 

Passage of ingesta into the secretions .—The rapidity with which 
fluid matters are imbibed into the capillaries, and distributed through 
the body by the circulation, explains completely the quick reappear¬ 
ance in the urine of substances which have been taken into the 
stomach with the food, without the need of having recourse to the 

* Physiol. Untersuch. iiber das Nervensystem und die Respiration; Hanover, 
1817, p. 234.—Consult also Ernmert, Tubing. Blatter. 1811, Bd. ii. p. 88. Salzb. 
Medic. Zeitung. 1813, Bd. iii. p. 62, Meckel’s Archiv. i. p. 176. Schnell, Diss. 
Sist. Historiam Veneni Upas antiar. Tubing. 1815. 

t Act. Reg. Soc. Med. Hafn. 1821, p. 240. 

If See Lund, Vivisectionen, pp. 103, 104. 

§ Philadelph. Journal, Aug. 1822. 
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barbarous notion of secret passages existing between the stomach 
and kidneys. According to Westrumb, soluble salts find their way 
into the urine in from two to ten minutes after they are taken into 
the stomach; for, when this time had elapsed after his giving prus- 
siate of potash to an animal, he was able to detect it in the urine 
which he collected immediately from the ureter. Stehberger’s ex¬ 
periments, however, prove that the reappearance in the urine of 
substances taken with the food ordinarily requires a much longer 
period. 

Absorption of chyle .—The matters which pass by imbibition 
through the walls of the capillaries into the blood must, however, be 
in solution; they must not consist of globules. This condition alone 
shows that the digested matters, and the chyle which contains glo¬ 
bules, cannot find their way by imbibition into the capillaries and 
the venous blood. Tiedemann, Gmelin, and Mayer, have, it is true, 
observed streaks of chyle in the intestinal and portal veins. But 
the chyle could not have entered the blood through the walls of the 
capillary vessels; for if that were the case, the corpuscules of the 
blood in the capillaries would likewise be able to escape from them. 
Perhaps the streaks of chyle observed by these physiologists were 
derived from the communications which are supposed, although not 
yet proved, to exist between the lacteals and the small veins. 

Endosmosis^ however, does not explain the absorption of all 
fluids by the animal tissues. If the fluids of the tissue itself are 
more concentrated than those to be absorbed, such as fluids collected 
in the pleura, or lungs, the passage of the external fluids into the 
parenchyma will, according to the laws of endosmosis, take place 
more readily than the passage of the fluids of the tissue outwards. 
But if, on the contrary, the external fluid is equally concentrated 
with that contained in the tissue, the two fluids ought, according to 
the laws of imbibition, to pass through the membrane in both direc¬ 
tions with equal rapidity, so that the quantity of both of them would 
remain the same; and if the fluid of the tissue is the less concentrated 
of the two, it will exude in greater quantity than the external fluid 
will be absorbed, so that the quantity of the latter will be increased. 
Imbibition, therefore, does not explain the diminution of the quantity 
of fluids by absorption, but only the mingling of them, as in the case 
of poisons applied to the surface of the body, &c. For a collection 
of fluid in the pleura, containing albumen and salts in the same state 
of concentration as these substances exist in the blood, would not be 
diminished in quantity by imbibition alone; there would be merely 
an interchange of the saline matters contained in the external fluid 
and in the blood, while the bulk of the former would remain the 
same; and, if the saline ingredients were in a more concentrated state 
in it than in the blood, its quantity would even become increased. 

The removal of collections of fluids by absorption must be effected 
in many cases either by means of the lymphatics, independently of 
imbibition into the capillaries, or we must suppose that the suction of 
the venous blood towards the heart assists the absorption by the ca¬ 
pillaries. It is possible that the process of endosmosis may be 



256 


ABSORPTION BY THE CAPILLARIES. 


modified by a peculiar attraction exerted by the tissues on the fluids 
circulating in them; an attraction, by the agency of which the fluids 
in the tissues may be retained while the external fluid is absorbed, so 
that absorption merely, and not an interchange of fluids, as is the 
case under ordinary circumstances, is the result. Water, for ex¬ 
ample, would have a tendency to diffuse itself in the blood of the 
capillaries; but the blood being under the influence of the mutual 
vital process which is going on between it and the capillary vessels, 
would have no tendency to diffuse itself in the water. The red par¬ 
ticles of the blood have, as'we have already seen,* a great affinity 
for water, and in their passage through the capillary vessels they 
may contribute to cause its absorption. 

Absorption by organic attraction ,—The question whether the 
blood in the capillary vessels, or these vessels themselves, exert on 
certain substances an attraction different in its nature from any de¬ 
termined by physical laws, is quite distinct from the one above 
discussed. There is only one part of the body in which this kind of 
attraction certainly exists, and that is the capillary system of the 
placenta. The existence of lymphatics in the placenta and umbilical 
cord being quite problematical, the transmission of nutritive fluids 
from the mother to the child must be effected by means of the capil¬ 
lary vessels of the placenta. There is no direct communication 
between the vessels of the mother and those of the fetus: the sole 
mode in which the uterine arteries terminate is by becoming con¬ 
tinuous with the radicle uterine veins; and, on the other hand, the 
fetal arteries of the placenta have no other mode of termination than 
in the commencing fetal veins of the same part. Webert has given 
a very interesting description of the mode in which the placenta and 
uterus are connected. The finest ramifications of the placental 
vessels are distributed in the tufted processes on the maternal surface 
of the placenta. The arteries ramify in the tufted villi, and termi¬ 
nate at the extremities of the villi by direct inosculation with the 
radicles of the placental veins. Bundles of these tufts of villi project 
into the cavities of the large veins, in which the maternal blood flows 
on the inner surface of the uterus. From this arrangement of the 
tufts, and from the delicacy of the coats of the uterine veins, the 
foetal blood circulating through the capillaries of the placental tufts is 
freely exposed to the action of the venous blood of the mother, and 
probably attracts from it some of the matters dissolved in it. 

In the endosmosis which takes place between the foetal and ma¬ 
ternal blood, more matter undoubtedly is received by the fetal blood 
than is given in exchange by it to the blood of the mother. It is an 
organic and vital endosmosis totally different in the laws which re¬ 
gulate it from the chemical process of imbibition described by 
Dutrochet. In ruminating animals the tufts or villi of the cotyledons 
of the ovum are not imbedded in the veins of the uterus, but, like 
roots in the ground, in sheath-like cavities, or tubes, hollowed in the 
substance of the uterus. All these excavations in the uterus are 


* See pages 148-9. 


f Hildebrandt’s Anatoinie, Bd. iv. p. 496. 
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lined with capillaries of the maternal vessels; while the capillaries of 
the foetus, which have no communication with those of the mother, 
are distributed upon the tufts of the cotyledons. Here the matters 
which are to be absorbed by the capillaries of the foetus must first be 
secreted by those of the mother. 

Does the action of the heart aid absorption? —It is still matter of 
doubt whether the absorption of fluids into the capillaries by means of 
imbibition is aided by the motion communicated to the blood in the 
veins, and so to that in the capillaries also, by the sucking action 
which the heart exerts in the dilatation of its cavities. The motion 
of the blood, however, must be so far favourable to imbibition, as that 
it removes what has already been absorbed, and thus renders constant 
the cause of the endosmosis,—namely, the tendency of substances 
to diffuse themselves through fluids till they are equally distributed. 
If the same portion of blood were constantly exposed to the same 
part of the tissues, imbibition would after a time necessarily cease. 

Influence of galvanism on imbibition. —Fodera* has observed 
that absorption, or imbibition, is accelerated by the action of galvan¬ 
ism. He injected prussiate of potash into the pleura, and sulphate of 
iron into the abdomen. Usually five or six minutes elapse before these 
two substances combine; but their combination was instantaneous 
when a slight galvanic current was passed through the diaphragm. 
The same phenomenon is said to occur when one fluid is introduced 
into the urinary bladder, and the other into the abdomen, or one into 
the lung, and the other into the pleura. The nerves have no influ¬ 
ence on inorganic imbibition; there was, in my experiments, no per¬ 
ceptible difference in the absorption of poisons whether the nervus 
vagus had been divided or not. 

Changes produced in the matters absorbed. —Matters which find 
their way from the intestines into the circulation by permeating the 
coats of the capillaries, do not pass directly from the intestinal veins 
into the vena cava; they circulate through the liver before reaching 
the general circulation. Magendie has observed, that in their transit 
through the liver the properties of many substances are altered. 
Thus, if a grammetof bile, or a considerable quantity of atmospheric 
air, is injected into the crural vein, immediate death is the conse¬ 
quence; while, if they are injected into the vena portae, the animal 
suffers no ill effect. Many substances undergo a change in the intes¬ 
tines themselves. Thus the poison of the viper, when taken into 
the stomach, produces, according to Redi and Mangili,:]: and Dr. 
Stevens,§ no poisonous effects; and the saliva of hydrophobia, ac¬ 
cording to Coindet,l| does not exercise its infectious property when 
taken into the alimentary canal. 

Effect of plethora on absorption. —Magendie has observed that 
distension of the blood-vessels, with an excess of fluid, diminishes the 
activity of absorption. By the injection of water into the veins, the 
absorption of foreign substances by the membranes with which they 

* Journ. de Physiol, iii. p. 35. f About 15^ grains avoirdupois. 

% Meckel’s Archiv. iii. 1817, p. 639. § On the Blood, p. 137. 

IJ Froriep’s Notiz. 1823, Sept. 170. 
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were brought into contact was prevented; but after taking some 
blood from the animal, absorption commenced with the usual phe¬ 
nomena. Venesection, on the contrary, accelerated the process; so 
that phenomena, which ordinarily did not ensue till after two minutes, 
appeared in half a minute. 

Absorption by the skin .—Absorption is most rapid from the mu¬ 
cous membranes, from serous membranes, and from wounds; it is 
much slower from the skin covered with epidermis. The most exter¬ 
nal layer of the organised cutis seems indeed to possess a very feeble 
absorbent power: this may perhaps arise from its secreting horny 
matter. Colouring matter, consisting of granules or grains of pow¬ 
der from an explosion, having found their way into cracks of the 
skin, remain during the entire life without being dissolved or ab¬ 
sorbed. Nitrate of silver given internally for a considerable time, 
imparts a blackish-slate colour to the skin, probably from a chemical 
combination being formed between the silver and the animal matter. 
The skin covered with epidermis, however, is certainly endued with 
an absorbing power; but the substances to be absorbed must be 
either in solution, or readily soluble in the animal fluids. The sub¬ 
ject of absorption by the skin is important, both on account of the 
frequency with which foreign substances come into contact with it, 
and from its being adapted to the application of medicinal substances. 
Seiler and Ficinus found that when the feet of horses had been 
moistened with solution of oxide of lead in liquor potassse, this sub¬ 
stance could be detected in the blood and chyle.* 

All metallic preparations rubbed into the skin have the same ac¬ 
tion as when given internally, only in a less degree. Mercury 
applied in this manner cures syphilis,and excites salivation; tartrate 
of antimony, according to Letsom and Brera, excites vomiting; and 
arsenic produces its poisonous effects. Vegetable matters, also, if 
soluble, or already in solution, give rise to their peculiar effects 
through the medium of the skin. Haller states that white hellebore 
laid upon the abdomen excites vomiting, and that violent purging is 
produced by washing the feet with a decoction of either the white or 
the black hellebore. Sabadilla seeds applied to the skin were found 
by Lentin to excite most violent cramps, and when rubbed on the 
abdomen to cause purging. Cantharides applied to the skin excite 
strangury; and narcotics thus applied induce the usual symptoms. 
Camphor, Magendie says, can be detected in the vapour expired 
from the lungs; oil of turpentine, in the urine by the violet smell 
which it gives to that fluid; mercury, in the blood, saliva, urine, and 
milk, according to Bloch, Autenrieth and Zeller, and Cantu, and in 
the bones also, according to Fricke;t prussiate of potash, rhubarb, 
and madder, in the blood, urine, &c.; each of these substances having 
in the respective cases been applied to the skin. But the action of 

* On this subject consult Westrumb, Meckel’s Archiv. 1827; Sewall, ibid. ii. 
146. And Dr. Madden’s Experimental Inquiry into the Physiology of Cutaneous 
Absorption, Edinb. 1835. 

I Horn’s Archiv. 1826, 459. 
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all medicinal substances and poisons applied to the skin, is much 
more powerful if the cuticle has been previously removed. 

It has long been a contested question whether the skin covered 
with its epidermis has the power of absorbing water, and it is a 
point difficult to determine, because the skin loses water by evapo¬ 
ration. 

The epidermis is certainly hygroscopic, and swells when placed 
in water. The experiments of Falconer, Alexander, and others, 
which consisted in weighing the body and the water in baths, appear 
to me unworthy of dependence. Seguin'^’ and Curriet could dis¬ 
cover no increase of weight when the wholejor part of the body was 
immersed in water; and those experiments in which colouring matter 
or prussiate of potash dissolved in the water of a bath could after¬ 
wards be detected in the urine, by no means prove that the water 
was absorbed. Saline substances can permeate a membrane both 
sides of which are in contact with water, without the level of the 
water on either side undergoing any change. 

M. Edwardsf has proved most clearly that this absorption of 
water by the surface of the body, takes place in the lower animals 
very rapidly under certain circumstances. Not only frogs, which 
have a thin skin, but lizards, in which the cuticle is so very much 
thicker than in man, after having lost a great part of their weight 
by being kept for some time in a dry atmosphere, were found to 
recover both their weight and plumpness very rapidly when im¬ 
mersed in water. When the tail, merely, the posterior extremities 
and hind part of the body of the lizard, were immersed, the water 
absorbed was distributed throughout the system. M. Edwards 
thinks it impossible not to attribute this property to the skin of man, 
if the scaly skin of the lizard possesses it. In M. Seguin’s experi¬ 
ments there was a loss of weight during the immersion in the bath, 
but less than takes place during the same period in the air. This 
result M. Seguin attributed to an arrest of the cutaneous transpiration 
while the pulmonary exhalation was uninterrupted. M. Edwards, 
however, suggests that the cutaneous transpiration was not arrested, 
but merely balanced by absorption of water from the bath. It is 
certain, that in air loaded with moisture (for example, in vapour 
baths), the exudation from the surface of the body is even greater 
than under ordinary circumstances, but it is difficult to prove that 
the same process goes on during immersion in water. However, 
whether this explanation of M. Seguin’s experiments be admitted 
or not, we have some direct experiments by Dr. Madden§ and M. 
Berthold, which seem to prove the possibility of absorption of water 
by the skin. Dr. Madden having ascertained by means of an accu¬ 
rate balance the loss of the weight by cutaneous and pulmonary 
transpiration, that occurred during half an hour in the air, entered 
the bath, and remained immersed during the same period of time, 

* Ann. de Chimie, t. xc. 185; t. xcii. 33.—Meckel’s Archiv. iii. p. 385. 

I Med. Reports, ch. xix. 

On the Influence of Physical Agents on Life, pp. 181—189. 

§ Loc. citat. p. 58. 
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breathing through the medium of a tube, which communicated with 
the air exterior to the room. He was then carefully dried and again 
weighed. Twelve experiments were performed in this manner; and 
in ten there was a gain of weight, varying from 2 scruples to 5 
drachms and 1 scruple, or a mean gain of 1 drachm, 2 scruples and 13 
grains. The loss to the air during the same length of time (half an 
hour) varied in ten experiments from 2i drachms to 1 ounce 24 
scruples, or in the mean was about 64 drachms. So that, admitting 
the supposition that the cutaneous transpiration was entirely sus¬ 
pended, and estimating the loss by pulmonary exhalation at 3 
drachms, there was in these three experiments of Dr. Madden an 
average absorption of 4 drachms, 1 scruple and 3 grains, by the 
surface of the body during half an hour. In two experiments, how¬ 
ever, Dr. Madden found an absolute loss of weight, which in one case 
far exceeded the loss that ordinarily occurs in the air. In four ex¬ 
periments performed by M. Berthold,* the gain in weight was much 
greater than in those of Dr. Madden; but as the latter gentleman 
states more precisely the precautions taken to avoid error, his results 
seem to be entitled to greater consideration. 

The absorption of different kinds of gas by animal tissues, as in 
the process of respiration, and even by the skin itself, is placed be¬ 
yond doubt by the experiments of Abernethy, Cruikshank, Auten- 
rieth, Beddoes, and Collard de Martigny. In these cases, of course, 
the absorbed gases combine with the fluids, and lose the gaseous 
form. Several physiologists have observed an absorption of nitrogen 
by the skin. Beddoes says that he saw the arm of a negro become 
pale for a short time when immersed in chlorine; and Abernethy 
observed that when he held his hands in oxygen, nitrogen, carbonic 
acid, and other gases contained in jars over mercury, the volume of 
the gases became considerably diminished. 

Interstitial absorption ,—It is still a matter of doubt whether the 
absorption which goes on in the substance of the different textures 
of the body is chiefly performed by the blood-vessels, or by the 
lymphatics. In many parts, however, in which the existence of 
lymphatics has never been demonstrated,—for example, in the 
bones,—there is marked evidence of absorption going on. 

In many other cases in which matters are absorbed from parts 
known to possess lymphatics as well as blood-vessels, it is quite un¬ 
certain into which order of vessels these matters are first received. 
This is the case in the following instances:—The reabsorption of the 
colouring matter of the bile deposited in the different tissues in jaun¬ 
dice, and the absorption of accumulated secretions, such as bile and 
urine, into the circulation; the wasting of the thymus gland during 
the period from infancy to the twelfth year; the disappearance of the 
fat from the body generally in persons fasting, and in consumptive 
persons also, after great losses of the fluids of the body, and in animals 
during hybernation; and the frequently rapid disappearance of warts 
from the fingers. These cases of absorption are not all of the same 


* Muller’s Archiv. 1838, p. 177. 
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kind. The true interstitial absorption of organised tissues, in which 
the particles of the tissue which fill the meshes of the capillary net¬ 
work are removed, must be distinguished from the cases of the ab¬ 
sorption of fluids, which do not form part of the tissue, and have 
therefore no mutual vital action with the blood-vessels. In the 
process of interstitial absorption, as it occurs in the atrophy of the 
tail of the tadpole, and of the pupillary membrane in the foetus, and 
in the development of cells in the bones, the most essential circum¬ 
stance, perhaps, seem to be a solution of the particles which occupy 
the meshes of the capillary system. The matter when dissolved may 
be removed by imbibition into the currents of blood, or, except in 
the case of the bones, by absorption by the lymphatics. Of all 
organised parts, the bones present the phenomena of interstitial 
absorption in the most remarkable degree; their cells are developed 
in the child long after the bone is formed, and increase in size by the 
agency of the same process. The diploe of the cranial bones dis¬ 
appears in old age, and the bones become thinner. The frontal and 
sphenoidal sinuses are developed in the period of youth. Parts, 
however, which are not organised, or rather not vascular, but are 
only in connection with an organised matrix,—for example, the 
roots of the teeth,—are also subject to absorption. The roots of the 
first teeth disappear at the time of the change of the teeth; and 
Soemmering* has observed that they become soft, probably in conse¬ 
quence of solution of their component matter. In caries, also, which 
depends on an abnormal combination of their components, the teeth 
are acted on by the fluid of the mouth and softened. It is still un¬ 
known whether portions of dead bone which remain long in contact 
with living textures, diminish in size.t 

When, in consequence of diseased states of the blood, of paralysis, 
or other causes, nutrition is less active, the interstitial absorption is 
no longer counterbalanced, and the part wastes. Whether in phthisis 
the muscular fibres themselves waste, or merely the cellular mem¬ 
brane in their interstices, is uncertain; thin muscles, however, such 
as the platysma rnyoides, and some muscles of the external ear, 
seem really to waste. In paralysis the wasting of the muscles is 
more frequent; and Schroeder van der Kolk has even observed their 
conversion into fat. Cartilage, bone, brain, and nerves, according 
to Desmoulin’s and Schroeder’s researches, do not waste in phthisis. 
When the cause of atrophy is general, the tissues are absorbed in 
the following order; fat, cellular tissues, muscles, bone, cartilage, and 
tendon. Long-continued pressure, by putting a stop to nutrition, 
may cause every tissue to be absorbed. The mode in which pressure 
acts in causing the absorption of bone, is, however, a problem still 
requiring solution; for, if the cessation of nutrition in consequence of 
the pressure were the sole cause, the articular heads of the bones of 

* Vom Bau dea Menschlichen Korpers, i. § 226, 233. 

f The recent observations and experiments of Miescher (De inflam, ossium, 
eorumque anatom, generali.—Berol. 1836), and of Mr. Gulliver (Med. Ohir. 
Transact, v. xxi.), are unfavourable to the opinion that dead portions of bone are 
absorbed. 
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the lower extremities ought also to be absorbed. Perhaps a tumour 
affecting all surrounding parts—such as an aneurism, or fungoid 
tumour—excites inflammation of the bone, as well as of other parts; 
and bone when inflamed becomes softened, and is consequently more 
readily susceptible of absorption when its nutrition happens to be 
interrupted by pressure. Caries, however, is not produced in these 
cases.* It is a well-known fact that iodine favours the wasting and 
absorption of organised tissues. 

b. Of exhalation and exudation. 

Many matters dissolved in the animal fluids, particularly foreign 
substances which have been taken up into the circulation, and which 
are then distributed through the body with the blood in their original 
state, or more or less altered, are afterwards eliminated from the 
system by the process of imbibition and endosmosis. Prussiate of 
potash, having entered the circulation by endosmose, permeates the 
tissues which form the surfaces communicating with the exterior, 
according to the same laws, and becomes mingled with the natural 
secretions. In this way it soon appears again in the most various 
secreted fluids; in the urine, for instance, it may be detected, accord¬ 
ing to Westrumb, in from two to ten minutes after its introduction 
into the body. The blood impregnated with prussiate of potash, 
and the fluid contained in the cavities of the secreting organ,—for 
example, the urine in the tuhuli uriniferi of the kidney,—are able, 
in accordance with laws purely physical, to impart to each other 
the substances that they contain in solution until these substances 
are equally diffused in both. In jaundice, almost all the internal 
organs, as well as the secretions, become impregnated with the 
colouring matter of the bile which is contained in the serum of the 
blood. 

Those natural or accidental ingredients of the blood which are 
capable of assuming the gaseous form, unless they are retained by 
some special attraction exerted on them by the tissues, may evapo¬ 
rate from the free surfaces of the membranes of the body. 

When pressure favours their passage through the pores of the 
animal membranes, even fluids must, in accordance with physical 
laws, force their way into the free cavities filled with gas or vapour; 
—hence the effusion of fluids in the animal body after death as the 
effect of mere gravitation; serum, at first pure, afterwards with the 
colouring matter of blood dissolved in it, permeates the tissues, and 
may collect in the different cavities; the bile exudes from the gall¬ 
bladder, and colours the parts which are in contact with it. During 
life, absorption effected by an attraction of a vital nature, counter¬ 
balances this transudation of fluid through the membranes of the 
body; but, in disease, different causes destroy the balance of the two 
processes, and then the water, with the animal matter and salts dis¬ 
solved in it, collects in the cavities of the body and in the cellular 

On this subject consult Schroeder van der Kolk in Luchtmann, De absorplionis 
sanse et morboss discrimine. TraJ. ad. R. 1829. 
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membrane, and gives rise to the appearances of anasarca or oedema, 
and albuminous urine. Obliteration of the great venous trunks of 
the viscera or of the extremities, gives rise to exudation of albumi¬ 
nous fluid into the surrounding serous sacs or into the cellular mem¬ 
brane, particularly of the inferior extremities; and artificial dropsy 
of the cellular membrane may be produced, as Bouillaud has shown, 
by tying the great venous trunks. The dropsies occurring in conse¬ 
quence of degeneration of the viscera, may also possibly be partly 
dependent on the circulation through the viscera being obstructed. 
The exudation of the fibrinous fluid in inflammation might be ex¬ 
plained in the same way; but the quality.of the exuded matter 
depends on other causes. 

The foregoing observations would seem to show that the exhala¬ 
tion of vapour, and exudation of fluid, are, even in the living body, 
the result of the purely physical laws of imbibition, endosmosis, and 
pressure; but that is not the case. If exudation during life were 
solely under the influence of these physical laws, all the ingredients 
of the fluids would escape equally; but the matter which permeates 
the tissues, and is exhaled or exuded, often consists of a part only 
of the substances which are contained in solution in the blood. Thus, 
in inflammation, the matter which exudes through the membranes, is 
the fibrin which the serum of the blood holds in solution; while, on 
the contrary, in dropsies,—such as are produced, for example, by 
obstruction to the return of venous blood,—the fibrin does not exude; 
the exudation is merely an albuminous fluid. There must, then, 
under ordinary circumstances, be some force in action which pre¬ 
vents the escape of fibrin from the vessels, but which in inflamma¬ 
tion is rendered inert; and this force must be an affinity or attraction 
subsisting between the parenchyma and the fibrin, but not between 
the parenchyma and the albuminous serum, which therefore in 
anasarca is allowed to escape. At the commencement of inflamma¬ 
tion, as observed in a wound, or after the application of a blister, 
serum merely is effused; when the inflammation becomes more vio¬ 
lent, the fibrinous part of the blood also exudes. 

It is most probable that there are similar differences in the exha¬ 
lation of fluids in the gaseous form, for instance, from the skin; and 
that not every part of the fluids of the body which is capable of 
assuming the form of vapour, is really exhaled from the surface of 
the membranes.* 

Secretion .—The elimination of many substances from the blood 
cannot be explained according to the laws of endosmosis. The urea, 

* M. Magendie (Lepons sur les Phenomenes physiques de la Vie, Paris, 8vo. tt. ii. 
and iii. and Comptes Rendus, 1838) states, as the result of numerous experiments, 
that when water, or a substance which deprives the blood of its property of coagu¬ 
lating spontaneously, is injected into the vessels of an animal, or when the blood is 
extracted, robbed of its fibrin by stirring, and then restored to the vessels, effusions 
of serum or blood, and congestions take place in different parts of the body, but par¬ 
ticularly in the lungs. This accords with what is observed in many diseases in 
the human subject, in which the blood is known to be in a state of diminished 
coagulabilit)'; but it does not, as M. Magendie supposes, afford an explanation of 
all the local inflammations that occur in the different febrile diseases. 
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for example, which has been proved to exist already orrned in the 
blood itself, is nevertheless excreted by no other part of the body 
than the kidneys. 

Other excretions, derived from the blood, are formed only under 
certain local conditions. This is the case with the menstrual flux, 
which, accordiqg to the observations of Lavagna, Toulmouche, 
Brande, and myself, contains no fibrin; the clots which form in it are 
soft, and consist principally of red particles alone. Brande is cer¬ 
tainly wrong in saying that the menstrual fluid is merely a concen¬ 
trated solution of the red colouring matter of the blood; I have found 
red particles in it perfectly unchanged in appearance. It must there¬ 
fore be supposed that, at the period of menstruation, the texture of 
the vessels of the uterus becomes so loose as to allow the escape of 
the red particles. There are no open mouths of veins in the uterus 
any more than in other parts of the body. 

In the cases also in which the blood itself escapes slowly from the 
surface of membranes, by what is called exhalation, secretion, or 
“ diapedesis,” there is more than a simple secretion or transudation; 
the coats of the vessels must be changed in texture, and in many 
cases,—as for example, in haemoptysis and in the bloody expectora¬ 
tion which accompanies inflammation of the lungs,—if not in all, 
there is rupture of the minute vessels or capillaries. The observa¬ 
tions of Wederneyer,* however, render it probable that, under par¬ 
ticular circumstances, the colouring matter of the red particles may, 
even in living animals, be dissolved in the serum, and thus give rise 
to a coloured effusion. Having injected a considerable quantity of 
warm water into the veins of horses, he found that exudation of 
serum of a red colour, took place from the nostrils, and into the ab¬ 
dominal cavity. The colouring matter of the red particles is, it is 
known, soluble in water; and in scurvy, purpura, and after the bite 
of poisonous snakes,! it seems to be dissolved in the serum. A cer¬ 
tain talented physician supposes the exhalation of blood or “ diape- 
desis,’^ of which we have spoken above, to be a mere exudation of a 
solution of colouring matter without any entire red particles. This 
is a difficult matter to prove, and until proved cannot be admitted as 
a fact. Even the bloody appearance of the serum of the blood in 
scurvy may arise, not from cruorine being dissolved in it, but from 
its containing a few red particles diff’used through it, which is very 
likely to happen when blood does not coagulate firmly. 

The globules of secreted fluids must be formed at the moment that 
the secretions are separated from the blood; they cannot have passed 
entire through the coats of the vessels. The globules of pus, for 
instance, which are larger than the red particles of the blood, and 
in part, according to Weber, twice as large, cannot be those bodies 
merely changed in some way. They must either be particles of the 
tissue separated from the suppurating surface, or they must be formed 
at the moment of the elimination of the secretion, as the observation 

* Ueber den Kreislauf. Hannover, 1828; p. 463. 

f Autenrieth’s Physiol, ii. 155. 


OP THE LYMPH. 


265 


of Brugmans and Autenrieth, that pus, when first formed, is a thin 
and clear fluid, would seem to indicate. The elimination, by the 
kidneys, of globules of pus which had found their way into the blood, 
is quite an impossibility; the proximate components only of the pus 
in a state of solution can be eliminated from the blood, the globules 
must be formed from these components afterwards. With the ex¬ 
ception of the oil globules of the chyle and milk, the microscopic 
bodies contained in the different secretions seem to be merely parti¬ 
cles of epithelium detached from the mucous surface, and mixed with 
the secreted fluids. The bodies having all the characters of pus 
globules, which are found in the fluids secreted from all mucous 
membranes when suffering under inflammation or mere irritation, 
would likewise appear to be formed by the cells of epithelium un¬ 
dergoing a morbid change during their period of development. M. 
Henle, indeed, regards them as cells of epithelium, of which the de¬ 
velopment has been merely arrested at an early stage. The origin 
of the similar pus-like bodies which are excreted with the urine and 
contribute to render it turbid in many affections of the kidney, and 
particularly in inflammatory states of that organ, is most probably the 
same, they being formed in the urinary canals in the place of the 
normal epithelium.* The relation which exists between the parti¬ 
cles of epithelium, mucus, and pus, and the mode of their formation, 
has been more fully considered in the chapter on the Growth of the 
Tissues. 


SECTION III. 

OF THE LYMPH AND THE LYMPHATIC VESSELS. 

CHAPTER I. 

Of the Lymph. 

The lymph is the fluid contained in the lymphatic vessels; its ap¬ 
pearance, as observed by Professors Wutzer and Nasse, and myself, 
is that of a transparent, pale yellow fluid; it has generally no tint of 
red, unless some of the red particles of the blood are accidentally 
mixed with it. In the frog it is perfectly transparent, and has not 
even a yellowish tint. Lymph is devoid of smell, is slightly alkaline, 
and has a saline taste. On examining the lymph in a human sub¬ 
ject, exuded from a wound in the dorsum of the foot, I perceived, 
through a microscope, that, although a clear transparent fluid, it con¬ 
tained a number of colourless globules, which were much smaller 
and much fewer in number than the red particles of the blood. 

* See Vogel, Uber Eiter, Eiternng, und d. verwandt, Vorgange, Erlangen, 8.— 
Henle, Muller’s Archiv. 1839. Jahresbericht, p. xviii. et sequent, and Hufeland’s 
Journal, May, 1838; and Gluge, Anatomisch. Mikroskop. Untersuch. Minden, 
1838. 
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These globules were visible even after the lymph had been coagu¬ 
lated. The coagulation consists of a white fibrous tissue, quite 
homogeneous, slightly transparent, and, as far as could be observed, 
did not consist of globules. These observations prove, that, although 
the lymph really contains globules, the fibrinous part exists in a state 
of solution. The lymph of the intestines, chyle, when it contains 
matter just absorbed from the digested food, is always more or less 
turbid, and has a yellowish gray or whitish colour, arising from the 
presence of a great number of globules: it is then called chyle. 

Analysis of lymph and chyle .—The occurrence, says Dr. Baly, 
of a similar case to that above-mentioned, at Halle, has afforded to 
MM. Marchand and Colberg the opportunity of analysing chemically 
lymph of the human subject. In its general characters it resembled 
that described by Professor Muller, was strongly alkaline, and con¬ 
tained 3-074 per cent, of solid matter. In 1000 parts, 5*20 were fibrin; 
4-34 albumen; 3-12 osmazome and loss; 2-64 oily and crystalline fatty 
matter; 15*44 chlorides of sodium and potassium, carbonate and lac¬ 
tate of an alkali, sulphate of lime, phosphate of lime and oxide of 
iron, and 969*26 water.* 

The following is the composition of the lymph of the horse, accord¬ 
ing to Lassaigne’s analysis:— 

Water, ........ 92*500 

Fibrin, ........ 0-330 

Albumen, ........ 5-736 

Chlorides of sodium and potassium, with soda and phosphate of lime, 1-434 

100-000 

Tiedemann and Gmelin state that the lymph contains, besides 
the above ingredients, salivary matter, osmazome, carbonates, sul¬ 
phates, muriates, and acetates of soda and potash, with phosphate of 
potash. 

The chyle differs from lymph in several particulars. It contains 
uncombined fatty matter which is not present in lymph. The pro¬ 
portion of the solid ingredients is greater in the chyle; Tiedemann 
and Gmelin obtained 0*37 parts of dry fibrin from 100 parts of chyle 
taken from the lacteals of the mesentery of the horse, while from the 
same quantity of lymph from the lymphatics of the pelvis they ob¬ 
tained only 0*13 parts. The chyle also contains more globules than 
the lymph, and is more opaque. The globules of the lymph are very 
few in number, and hitherto have been quite overlooked; Dr. H. 
Nasse and I have, however, seen them in the lymph of man, and I 
have seen them repeatedly in the lymph of frogs. It appears, also, 
that hitherto human lymph had never been examined. The fluid 
which Soemmering took from “varices’’ of lymphatic vessels, did not 
coagulate, and could not have been lymph. 

The lymph of frogs recently caught contains, very scantily dif¬ 
fused in it, globules, which are about one-fourth the size of the red 
particles of the frog’s blood. They are globular, while the red parti¬ 
cles of the blood are elliptic and flattened. In dividing the skin of 


* Muller’s Archiv. 1838, p. 129. 
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the frog’s thigh, blood-vessels are necessarily cut; hence some of the 
elliptic particles of the blood will appear in the lymph when ex¬ 
amined with the microscope; their number, however, is so small 
that they do not prevent the lymph from being perfectly clear and 
colourless. 

The lymph of the frog, which may be thus easily obtained, agrees 
so nearly with that of man, that we can at any time demonstrate at 
lecture the principal qualities of this fluid. 

Hitherto no medical man could be upbraided if he had never seen 
lymph, although it is so much spoken of by pathologists and phy¬ 
sicians. They have, indeed, been so ignorant of its nature, that the 
name of lymph has been given to very different fluids. Not merely 
exudations containing fibrin and albumen, but even the secretions 
of sores and puriform matters, and especially all matters the nature 
of which was not exactly known, have been called lymph. 

The lymph globules vary very much in size, but the nuclei main¬ 
tain in all nearly the same dimensions. These observations render 
it probable that the globules of the lymph are cells or vesicles gradu¬ 
ally developed around a nucleus. The observation of M. Weber, 
which the translator can confirm, that they are elastic, and like the 
red particles of the blood undergo changes of form when they meet 
with obstacles to their course in the capillaries, is in favour of this 
opinion. 

In the lymph of the frog it can be seen, even more distinctly than 
in that of man, that the clot is formed by the coagulation of the fibrin 
which was previously in solution, and that the globules of the lymph 
have no share in the act. The albumen of the lymph is coagulated 
by the ordinary reagents. It is remarkable that not only the lymph 
of the frog is rendered turbid by the addition of liquor potassne in 
large quantities, and that albumen is immediately precipitated from 
the lymph of Mammalia on adding liquor potassae; but that the albu¬ 
men is precipitated even from a small quantity of the serum of the 
blood when liquor potassae is added in large quantity. The liquor 
potassse must, however, be quite concentrated. 

Colour of the lymph and chyle .—The lymph seems to be colour¬ 
less in most parts of the body under ordinary circumstances, but it 
has sometimes been seen of a reddish colour: both Magendie, and 
Tiedemann and Gmelin, observed this colour in the lymph of ani¬ 
mals which had fasted; and in the lymphatics of the spleen, the lymph 
has frequently a red tint. This colour of the lymph of the spleen 
has been observed by Hewson, Fohmann, and Tiedemann and 
Gmelin. Seiler perceived it but rarely, and Rudolphi thought it was 
accidental. I have, however, repeatedly examined the spleen of the 
ox in the slaughter-house; and, among the numerous large lympha¬ 
tic vessels running on the surface of the organ, have always found 
some in which the lymph had a dirty reddish colour. Hewson 
thought that this tint, which is very slight, was dependent on the 
presence of some red particles of the blood; but I am rather inclined 
to believe that it is owing to some of the colouring matter of the 
blood, in the highly vascular tissue of the spleen, having been dis¬ 
solved by the lymph. 
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The chyle is almost always more opaque than the lymph of the 
same animal. The opacity of the chyle seems to be dependent on 
the globules that it contains. In Mammalia it is generally whitish, 
particularly after fat or animal food has been taken. In birds it is 
not white, and is more transparent. The chyle of the thoracic duct 
has, in the horse, a reddish tint, which is more rarely seen in other 
animals. When the red tint exists, it is deepened by exposure to 
the air. 

Nature and source of the globules of the chyle and lymph .—The 
globules of the chyle of Mammalia, at least those of the rabbit, cat, 
dog, calf, and goat, which I have myself examined by means of the 
microscope, are not flattened like the corpuscules of the blood; they 
are globular. Prevost and Dumas found the diameter of the glo¬ 
bules of the chyle to be yiV^th of an inch, that is, something more 
than one half the size of the red particles of the blood in man.* 

The globules of the lymph must be derived either from particles 
cast oflf from the tissue of the organs during the process of absorp¬ 
tion, or they must be formed in the lymph itself after it is absorbed. 
There are no proofs to show that the globules of the chyle are de¬ 
veloped in the lacteals. If they are formed in these vessels, it must 
be in the network which is contained in the coats of the intestine, 
and from which the larger lacteals arise; for I have found the 
globules even in chyle taken from those lacteals which rim on the 
surface of the intestines in the calf, in which animal these vessels, 
when filled with chyle, are very visible. 

The presence of globules in the chyle might be explained even 
without the necessity of permeation of the coats of the lymphatics, 
and without pores existing, if Doellinger^s hypothesis were adopted. 
Doellingert supposes that the villi of the intestines are constantly 
undergoing solution in their interior, so as to form the chyle of the 
lacteals, while they are reproduced on their external surface by the 
aggregation and apposition of particles from the chyle contained in 
the intestines, in the same way as the germinal membrane of the 
embryo grows by the apposition of the particles of the yolk. There 
are facts, however, which render this hypothesis improbable. The 
absorption of milk, and consequently of globules into the blood, is 
rendered in some measure probable by a circumstance noticed by 
Schlemm. He has observed that, for a certain time after sucking, 
the blood of kittens is sometimes, but not always, of a yellowish red 
colour, and separates, when it coagulates, into a red clot and a milk- 
white serum. Rudolphi and I have verified this observation, and 
it has been confirmed by Mayer.J Rudolphi and Mayer assert that 
it is the case also in young puppies. I have made the experiment 
but once on puppies; the result did not confirm Rudolphi’s and 
Mayer’s assertion. It seems, then, that in young animals the glo¬ 
bules which cause the white colour of the milk are really absorbed 
into the lacteals. All the milk, of course, cannot be absorbed in this 

* See E. H. Weber’s remarks in Hildebrandt’s Anat. t. i. p. 160. 

■}■ Froriep’s Notiz. i. N. 2. Ibid. N. 536, 565. 
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way; for a portion, as Mayer remarks, is coagulated in the stomach. 
Kastner* * * § repeated Schlemm’s experiment without obtaining the 
same result.t 


CHAPTER II. 

OP THE MODE OP ORIGIN AND STRUCTURE OP THE LYMPHATIC 

VESSELS. 

a. Of the arrangement and structure of the radicle lymphatics. 

The most important researches of earlier writers on the structure 
of the lymphatics, are contained in the collection of the works of 
Mascagni, Cruikshank, and others, edited by Ludwig. More re¬ 
cently, this department of anatomy has been much advanced by the 
distinguished labours of Fohmann,^ Lauth,§ and Panizza.|l 

The forms in ivhich the absorbents take their rise may be seen, 
in preparations of these vessels injected with mercury, to be two;— 

First, as a network, of which the meshes are sometimes oblong, 
sometimes more equilateral. The meshes are sometimes smaller 
even than the diameter of the minute lymphatics which form them; 
and if, where the network is so very close, the vessels are at the 
same time very irregular in size, the structure may to the superficial 
observer have the appearance of aggregated cells, though the parts 
that look like cells are merely inequalities and slight dilatations of 
the vessels. In other parts, where the meshes are larger, the reticu¬ 
lated structure is immediately evident. The diameter of the vessels 
varies very much; but they are never so minute as the capillary 
blood-vessels, and I am acquainted with no absorbent vessels which 
are not visible to the naked eye. 

The second form in which the absorbents take their rise is that 
of small cells, more or less regular, and communicating one with 
another. Such appeared to me to be the structure of the injected 
lymphatics of the umbilical cord, and of those of the cornea, the 
nature of which, however, is doubtful. This was also the appear¬ 
ance of the lacteals in the calf, which I injected by forcing mercury 
into one of the trunks which were issuing from the intestines, filled 
with chyle, in a retrograde direction, so as to overcome the resist¬ 
ance offered by the valves. I succeeded tolerably well in one case 
by forcible injection. The great number of cells which are by this 
means filled with mercury suggests the idea that the absorbents take 
their rise in the cells of the cellular tissue itself. Fohmann,ir indeed, is 

* Das Weisse Blut. Erlangen. 1832. 

t A farther account of the chyle is given in the Section on Digestion. 

Das Saugadersystem der Wirbelthiere. i. Heft. Heidelberg, 1827, fol. 

§ Essai sur les Vaisseaux Lymphatiques. Strasb. 1824. Ann. des. Sc. Nat. 
t. iii. 

II Osservazioni Antropo-zootomico-fisiologiche. Pavia, 1833. 

if Tiedemann’s Zeitschrift fiir physiologic, iv. 2. 

23* 



270 


OPEN MOUTHS OP THE LACTEAL3. 


of opinion that what we call cellular tissue consists merely of lymphatic 
vessels. This, however, appears to me very doubtful. The identity 
between the cells that I have described and lymphatics is especially 
problematical in those parts in which the cells are more particularly 
met with, and in which none of the long and regular lymphatic 
vessels occur, as is the case in the umbilical cord and cornea. From 
having compared good injections of lymphatics with other specimens 
in which the injection has not succeeded so well, and from some ex¬ 
periments of my own, I am inclined to believe that many of what 
are called the cellular lymphatic radicles are not really lymphatics, 
and that the general form in which the radicle lymphatics exist, even 
where these vessels are most numerous, is that of a close and often 
regular network. 

Do the lacteals commence hy open mouths ?—The lacteals of the 
small intestines arise partly in the villosities; but they also commence 
in the whole surface of the mucous membrane of the intestinal canal. 
When the lacteals are injected with mercury, none of the metal 
escapes from the surface of the mucous membrane. The villi also 
are not perforated at their extremity, as Lieberkiihn, Cruikshank, 
Hedwig, and Bleuland, incorrectly supposed.* 

I have found that if a portion of fresh sheep’s intestine, removed 
with the mesentery, and tied at one extremity, is strongly distended 
with milk by means of a syringe, the lacteals immediately become 
filled, and the milk moves very rapidly through them; for if any of 
the lacteals are emptied by pressing onwards their contents, they are 
seen to re-fill immediately with milk from the intestine, particularly 
if the intestine is compressed at the same time. If the passage of 
the milk into the lacteals in this experiment were effected without 
any previous laceration of the mucous surface, it would be an im¬ 
portant fact. But in every case, however, in which the lacteals 
become injected by this procedure, there seems to be laceration of 
the mucous membrane at some point; for the lacteals fill suddenly; 
and, on examining afterwards the inner surface of the intestine, 
there is frequently found a spot here and there, where the mucous 
membrane has lost its integrity. Consequently I attribute no im¬ 
portance to these experiments, in reference to the question of the 
existence of openings in the extremity of the villi. I observed the 
phenomenon in no other animal than the sheep. 

It still, however, remains an undecided question whether the glo¬ 
bules of the chyle enter the lacteals already formed. The varying 
opacity of the chyle, according to the difference of the food taken, is 
the chief argument in favour of the globules being derived from the 
cavity of the intestine, and not afterwards formed in the lacteals. 
But where are the openings by which they enter these vessels?—for 
they must require larger pores than those by which all soft tissues, 
and even the walls of the capillaries, are rendered permeable to 
water and matters in solution, but which are too minute to allow the 

* See Rudolphi, Anatomisch-physiol. Abhandlungen; and Albrecht Meckel, in 
Meckel’s Archiv. t. v. 
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escape of the red particles of the blood from the capillaries. All 
good observers agree that there are no visible openings in the villi of 
the intestines; and I have myself repeatedly examined the villi of 
the intestines of the calf, ox, rabbit, hog, and cat, without having 
even perceived any perforation in their extremity. No opening 
certainly exists at that part of the villi. 

Structure of the intestinal villi .—The villi of the intestines are 
short processes, a quarter of a line to a line, or at most a line and 
two-thirds in length, rising from the surface of the mucous membrane, 
and giving this membrane, when magnified, the appearance of a 
thick fleece. Their form is sometimes cylindrigal, sometimes lamellar, 
and frequently pyramidal. 

Rudolph! at first believed that the villi were devoid of blood-vessels, 
and A. Meckel imagined that all the injection which entered them 
did so by imbibition or extravasation. Meckel could not have had 
before him good preparations of injected villi when he came to this 
conclusion. Not only can the vessels of the villi be beautifully shown 
by injection, as Doellinger, Seiler, and Lauth have described and 
represented, but I have, with the naked eye as well as with a lens, 
seen them filled with blood. Once I observed this in the calf, and 
afterwards in the dog, the intestine being examined immediately after 
death before it was washed. 

The extremity of the villi presents the same delicate texture as the 
rest of their surface. The assertion of Bleuland and others, that they 
had an opening at their extremity, was refuted by Rudolph!, who ex¬ 
pressed all that has hitherto been known of the structure of these 
parts in the following words:—“ They have never any visible open¬ 
ing; in their interior there is a network of blood-vessels, which can 
seldom be demonstrated, however, except by injection; and the 
lacteals also take their rise by a network within the villi.’^ 

It appears to me to be an important circumstance, that the villi are 
in part hollow, and are formed of an exceedingly delicate membrane 
in which blood-vessels ramify. The simple cavity I have found prin¬ 
cipally in the cylindrical villi. By comparison I have ascertained that 
the thickness of the membrane which forms the villi in the calf is 
Y^^th of an inch, and the diameter of the capillary blood-vessels 
which run in this membrane, may be reckoned at from -jTVolh to 
of an inch. An opportunity occurred, recently, at the dis¬ 
secting-rooms in Berlin, of examining the villi of intestines in which 
the lacteals were filled with chyle in the human subject. They were 
found to contain a simple cavity running from base to apex. This 
was proved both by the microscopic examination of the villi by 
Henle, and by their injection with mercury by Schwann, who forced 
the mercury into the lacteals which were distinctly visible in the 
mucous coat, and thus filled the villi even to their closed extremity. 
There is something of a very different nature, which might be mis¬ 
taken for hollow villi. This is a kind of epithelium, but of extreme 
delicacy. It is not solid, like an epidermis; on the contrary, although 
coherent in a membranous form, it is so nearly allied to mucus, that 
it seems to me to be a secretion intermediate between epithelium and 
mucus. 
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Professor Krause* has lately had an opportunity of seeing the lac- 
teals in the villi of the jejunum, beautifully filled with chyle, in the 
body of a young man who had been hung soon after taking a full 
meal of farinaceous food. The lacteal that issued from each villosity 
arose by several smaller branches, of which some terminated by a 
free extremity, others anastomosed with each other. 

In the experiment already mentioned, in which the lacteals are 
injected by distending the cavity of the intestine with milk, villi filled 
with the milk may likewise be detected at some points. The expe¬ 
riment must be made very often before this accidental injection of 
the villi takes place. It is probable that the milk finds its way into 
the villi, not through the intestinal surface of the villi, but in a retro¬ 
grade course from the network of lacteals which the milk had pre¬ 
viously entered through lacerations of the mucous surface. 

I have never perceived any opening at the extremity of the villi, 
and in my earlier examinations of them I could see no appearance of 
foramina on any part of their surface. But I have lately observed, 
in portions of the intestine of the sheep and ox, which had been ex¬ 
posed for some time to the action of water, that over the whole sur¬ 
face of the villi there were scattered very indistinct depressions, which 
might be regarded as oblique openings. However, I mention this 
observation with great hesitation and distrust. The villi must be 
examined with a simple microscope, and must be under water on a 
black surface. The appearances here spoken of as resembling ob¬ 
lique openings on the surface of the villi are, according to Henle, 
produced by the nuclei of the epithelium cylinders covering them. 
(See the account of epithelium in the chapter on Histogeny.) 

Structure of the intestinal mucous membrane .—The villosities 
of the intestines, whether they have or have not open mouths on 
their surface, cannot possibly be the sole organs for the absorption 
of the chyle; for in many animals they do not exist. This considera¬ 
tion led me to examine the mucous membrane itself from which the 
villi are processes, and which is common to all animals. 

If in a well washed portion of the small intestine of any mammife- 
rous animal we examine the structure of the membrane by which 
the villi are connected at their base, by means of a simple micro¬ 
scope, we perceive, without much difficulty, an immense number of 
very small openings, which are about twice or three times as large 
as the red particles of the blood of the frog, and eight or ten times as 
large as the same bodies in Mammalia. These minute openings are 
in Mammalia sometimes so close and numerous, that the portion of 
membrane which separates them is scarcely as broad as the openings 
themselves; generally, however, they are more widely separated; 
and in this case they give a spongy and exceedingly soft appearance 
to the membrane. Even the bases of the villi appear in sheep and 
oxen beset with these foramina. They are the openings of Lieber- 
kiihn’s follicles.t 


* Miiller’s Archiv. for 1837. Heft i. p. 5. See also Valentin, ibid. 1839, p. 178. 
f See Boehm, De Gland. Intestinal. Struct. Berol. 
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The absorbent glands in birds are almost wholly wanting, except 
in the neck; and in reptiles and fishes they do not exist at all. In 
these animals they seem to be replaced by mere plexuses of absorbent 
vessels. The glands themselves, in fact, consist merely of reticulated 
anastomoses and interlacements of the vessels. The vasa inferentia 
of an absorbent gland divide on entering it into small branches, and 
by the reunion of small branches are formed the vasa efferentia, 
which are less numerous and somewhat larger than the vasa in¬ 
ferentia. In consequence of the free anastomoses of these two sets 
of vessels, so as to form a network of lymphatics, of which the gland 
is constituted, we are enabled to fill the vasa efferentia with mer¬ 
cury forced into the vasa inferentia. The simple absorbent glands 
resemble mere plexuses of absorbent vessels; but one of the larger 
glands, when filled with mercury, has a cellular appearance. Even 
these apparent cells, however, seem to be merely small dilatations of 
convoluted vessels; the network of absorbents in other parts has also 
frequently a cellular appearance; the small spaces between the ves¬ 
sels not being distinguished without careful observation. The pas¬ 
sage of mercury through the glands when the absorbent vessels 
going to them are injected is in favour of this opinion. The opposite 
views of Cruikshank, who admitted the existence of cells in these 
glands, and of Meckel, Hewson, and Mascagni, who regarded the 
apparent cells as dilatations of the convoluted absorbent vessels, can 
be easily reconciled. 

Structure of the absorbent vessels. —It is very certain that the 
coats of the absorbents in the absorbent glands, as well as in other 
parts, are traversed by capillary vessels; even the lacteals on the 
intestines, according to Fohmann, possess an internal coat, which 
extends as far as the network from which they take their rise; and 
it has been already mentioned that the capillary vessels in the villi 
are very numerous. Consequently even the absorbents, which form 
the radicle part of the system are to be regarded as organs of very 
complicated structure, into which capillary vessels enter as element¬ 
ary parts. The thoracic duct and the lymphatics have according to 
Valentin,* three coats; an external cellular, a middle fibrous, and an 
internal thin coat in which no structure can be distinguished, but 
which forms valves, by the arrangement of which the flow of the 
lymph towards the larger trunks of the lymphatic vessels is favoured, 
and its reflux in the opposite direction impeded. Henlet states that 
he has found a layer of epithelium also on the inner surface. The 
fibres forming the middle coat are described by M. Valentin as re¬ 
sembling those of cellular tissue in outline, but as having greater 
elasticity; they enter into the structure of the valves. 

We have now to inquire whether absorbent vessels at their origin, 
or in any part of their course, have any communication with canals 
of other kinds, besides that with the venous system, by means of the 
trunk of the absorbent system,—the thoracic duct. 


* Repertorium, Bd. ii. p. 343. 


I Muller’s Archiv. 1838, p. 138. 
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Do the absorbents communicate with the secreting canals of 
glands? —If any open communication between the lymphatics and 
secreting canals really exists, which Panizza denies,—and certainly 
with justice,—it can only be by means of the trunks of the secreting 
canals; for the smaller lymphatics which form the ultimate network, 
are many times larger than the blind extremities of the secreting 
canals of the conglomerate glands. The connection of lymphatics 
and aperies, of which Magendie speaks so summarily, is not better 
proved. 

The connection of the lymphatics with the small veins, however, 
has been again rendered a subject of controversy, in consequence of 
Fohmann’s observations. 

Fohmann, Lauth, and Panizza, have discovered communications, 
visible to the naked eye, between the lymphatics and the veins of 
the thigh and pelvis in birds. 1 have also discovered a connection 
between the lymphatics of the thigh and the ischiadic vein in the 
frog. But this communication of the larger trunks is very different 
from a communication of the smaller lymphatic vessels with minute 
veins, which Fohmann asserts to exist in birds, reptiles, and fishes, 
and of which he has given representations. He admits, however, 
that in man and Mammalia, which have lymphatic glands, this com¬ 
munication of the absorbents with the veins does not exist, except in 
the glands. The statements of Lippi* concerning the communica¬ 
tions of the lymphatics and veins, and his representations of them, 
have been shown by Fohmann (1. c. p. 4) and Panizza to be unde¬ 
serving of much confidence. Fohmann, however, maintains that 
the veins and absorbents do communicate in the lymphatic glands, 
as had been observed by J. F. Meckel, the elder, and Ph. F. Meckel, 
when injecting the absorbent vessels with mercury. I doubt very 
much the existence of an open actual communication between the 
lymphatics and minute veins in the glands; and the circumstances 
which induce me to doubt it are, that, when glands are injected from 
their excretory duct, the small veins of the gland also frequently 
become filled with the mercury, and that the cases in which this 
occurred to me were always those in which the ducts had not been 
well filled,—their acini not distended; and, lastly, that similar ex¬ 
travasation takes place from the ducts of the mammary gland into 
the lymphatics of the gland, and this likewise in cases where the 
acini of the mammary gland are not well injected. The coagulated 
lymph in the absorbent glands resists the passage of the mercury; the 
substance of the gland is lacerated; and the coats of the lymphatics 
being supplied with capillaries which are continuous with veins, the 
rupture of one lymphatic in the interior of a gland must be attended 
with laceration of the reticulated capillary vessels and veins. 

In the same manner, also, as E. H. Weber observes, fluids find 
their way very easily from the branches of the pulmonary artery 
into the bronchi, although no natural communication exists between 

* Illustrazioni fisiologiche e pathologiche del sisteraa linfatieo-chillifero, etc. 
Firenze, 1835. 



THE lymph-hearts. 


275 


them. I regard in the same light the passage of injection from one 
order of vessels into another in the secreting glands, namely,—from 
blood-vessels into the secreting canals, and from the secreting canals 
into blood-vessels.* If I should ever see a direct communication of 
a lymphatic external to the glands with a small vein, I would ac¬ 
knowledge it as a thing evident to the senses, without, however, 
admitting the existence of such communication in the interior of a 
gland, where it is invisible. 

Terminations of the absorbents. —Since the communication of 
lymphatics with small veins has not been observed in man and Mam¬ 
malia, the absorbent and venous systems can be regarded as con¬ 
nected only by the principal lymphatic trunk, the thoracic duct, 
which opens into the left subclavian vein, and by smaller lymphatic 
trunks which pour their contents into the internal jugular and sub¬ 
clavian veins of the right side. All other communications between 
the absorbents and the great veins, seem to be exceptions merely 
to the normal structure; such was the case witnessed by Professor 
Wutzer and myself, in which a branch was given off from the tho¬ 
racic duct and immediately entered the vena azygos.t This branch 
is worthy of notice, however; for Panizza has found that in the hog 
a regular communication exists between branches of the thoracic 
duct and the vena azygos. J 

b. Of the lymph-hearts of Reptiles and Amphibia. 

The lymph-hearts of the Amphibia were discovered in the year 
1832.§ They are muscular sacs which pump the lymph into the 
trunks of the venous system, at the anterior and posterior parts of 
the body. There are usually four, two anterior and two posterior; 
in the frog the posterior lymph-heart on each side is situated in the 
ischiadic region just beneath the skin; the anterior lies deeper, 
namely, just over the transverse process of the third vertebra. The 
pulsations of these sacs are quite independent of those of the heart, 
and continue when the heart is removed from the animal, even after 
the body of the animal is cut in pieces; the pulsations of the cervical 
pair are not always synchronous with those of the pair in the ischiadic 
region, and even the corresponding sacs of opposite sides are not 
always synchronous in their action. They contract about sixty 
times in a minute. They contain colourless lymph; and the lymphatic 
vessels, and lymph spaces of the extremities, can be inflated from 
them. Similar pulsating organs seem to exist in all reptiles. I have 
hitherto discovered the superior pair in no other animals than the 
frogs and toads. The inferior pair I have found in the salamanders 
and lizards; in these animals they are situated at the sides of the 

* On the question of the communication of the lymphatics and veins, see E. H. 
Weber’s observations in Hildebrandt’s Anat. t. iii. pp. 113-121. 

f See Wutzer in Muller’s Archiv. 1834. 

^ Compare Otto, Patholog. Anat. p. 366. Otto met with an instance in which 
there were two thoracic ducts; one passing to the right side, the other to the left, 
as is usually the case in birds. 

§ See Muller, in PoggendorPs Annal. 1832; and the Philos. Transact. 1833, 

pt. 1. 
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root of the tail behind the ilium, and are more difficult to find than 
in the frog, where they lie immediately under the skin. Panizza* 
has discovered the inferior pair of these lymphatic hearts also in ser- 
pents.t 


CHAPTER III. 

OF THE FUNCTIONS OF THE ABSORBENTS. 

During the circulation of the blood through the minute capillary 
vessels, the red particles exert a vivifying influence on the paren¬ 
chyma, and at the same time undergo a change of colour; but they 
can be traced in their course into the veins,—they are not retained 
in the tissue. The fluid portion of the blood, however, with the 
fibrin and albumen in solution, like every fluid matter, is capable of 
permeating the walls of the capillaries, and of being imbibed by the 
particles of the tissue contained in the meshes of the capillary net¬ 
work through which the blood is flowing. The dissolved ingredients 
of the blood thus imbibed by the parenchyma must serve the pur¬ 
poses of nutrition and secretion. Hence it is that venous blood con¬ 
tains less fibrin than arterial blood. After the purpose of nutrition 
is fulfilled, the fluid portion of the blood imbibed by the tissues 
will, by the same process of imbibition, collect in the network of 
lymphatics, which occupy in all parts of the body the interstices of 
the proper tissues of the organs; a direct communication between 
the capillaries and lymphatics by means of vasa serosa is therefore 
not needed for the passage of the fluid parts of the blood into the 
lymphatics, and indeed no such communication has been proved to 
exist. 

The fluid part of the blood having supplied the materials for the 
nutrition of the tissues, is therefore again returned to the circulation 
by the lymphatic vessels. The lymph consequently must, in its com¬ 
position, be exactly identical with the fluid portion of the blood, or 
liquor sanguinis, and the blood itself must consist merely of lymph 
and red particles. An observation which I have made, and which 
can be easily repeated, is sufficient to prove that the fluid contained 
in the lymphatic vessels is formed principally of the fluid parts of the 
blood, and is not a perfectly new fluid. I have observed that when 
the blood of the frog does not coagulate, the lymph also does not 
coagulate. Thus, when frogs have been kept out of water for eight 
or more days during the summer, their blood often loses its property of 
coagulation; and under such circumstances the lymph taken from the 
lymph cavities of the same animal, affords no coagulum. So that the 
peculiar state of the fibrin, or its absence in the blood of the frog at 

♦ Muller’s Archiv. 1834, p. 300. 

f For a more particular account of their structure and action, see E. Weber in 
Muller’s Archiv. 1835, p. 535; and Valentin, Repertorium, Bd. i. p. 294. 
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certain times, determines the very same state of the fibrin in the 
lymph, or its absence from that fluid. 

1. Of the absorption by the lymphatics and lacteals. 

Proofs that they absorb .—It might at first appear doubtful 
whether the lymphatics and lacteals do really absorb, were it not 
that the lymph contains peculiar particles or globules, that absorp¬ 
tion by the lacteals is a well-ascertained fact, and that the colour of 
the chyle varies, becoming whiter or more opaline, according to the 
food taken. There are circumstances, however, which prove the 
fact of absorption by lymphatics in other parts. It is not merely that 
the lymphatics often become painful, that red streaks appear in their 
course, and that the neighbouring lymphatic glands become swollen 
after the application, by friction, of irritating matters to the skin; the 
lymphatics around collections of peculiar animal fluids have been 
seen filled with these fluids. I attribute no importance to the some¬ 
what extravagant assertions of Mascagni, who states, that in animals 
which died from pulmonary or abdominal hemorrhage, the lympha¬ 
tics of the pleura and peritoneum have been seen filled with blood. 
But Assalini, Saunders, Mascagni, and Soemmering have all observed 
bile in the lymphatics coming from the liver, in cases where the bile 
ducts were obstructed.* Tiedemann and Gmelin also, after tying 
the ductus choledochus in dogs, found the lymphatics of the liver 
filled with a fluid of a deep yellow colour; the lymphatic glands 
which these lymphatics passed through were yellow, and the yellow 
fluid taken from the thoracic duct contained the components of the 
bile.t Lymphatics around osseous tumours have been found to con¬ 
tain calcareous matter.^ Mr. Hunter§ found in the spermaceti whale 
a plexus of vessels, apparently lymphatics, about the nose or anterior 
part of the nostril, filled with spermaceti and oil. 

Magendie was the first to deny the absorbing power of the lym¬ 
phatics. Hunter had asserted that coloured water injected into the 
abdomen of an animal, is soon discoverable in the lymphatics. 
Flandrin has made the experiment in horses without success; and 
Magendie assures us that, with M. Dupuytren, he repeated similar 
experiments more than one hundred and fifty times, and never found 
any of the substances absorbed in the lymphatics. On the other 
hand, Meyer and Schroeder van der Kolk observed an evident, 
though slow, absorption of foreign matters from the intestinal canal 
by the lymphatics. 

Drs. Lawrence and Coates, of Philadelphia, witnessed the absorp¬ 
tion of prussiate of potash; but, according to their observations, 
colouring matters were not absorbed. Halle and others, after the 
introduction of colouring matters into the stomach, could not detect 
them in the thoracic duct, while they had evidently entered the 
blood and the circulation.|| 

♦ See Weber in Hildebrandt’s Anat. iii. p. 123. 

f Die Verdauung nach Versuchen, ii. 40. j: Otto, Patholog. Anat. i. 372. 

§ On the Structure of Whales. Works, vol. iv. p. 347. 

II See also Tiedemann and Gmelin, Versuche viber die Wege, &c. 
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The result of most experiments is, that salts are the only foreign 
matters absorbed by the lymphatics. Thus the numerous experi¬ 
ments of Tiedemann and Gmelin, cited at page 248, show that 
colouring matters introduced into the intestinal canal, are not taken 
up by the lacteals, although they are afterwards found in the blood 
and urine. Salts were the only foreign substances that they could 
detect in the chyle, and these but a few times. 

Peculiarities of the lymphatic and lacteal absorption. —The 
conclusion which must be drawn from a consideration of all the facts 
is, that the lymphatics do really absorb, but that their absorbing 
action is confined to particular fluids, for which perhaps they have 
an affinity: they have but little tendency to take up foreign matters, 
of which a few only, such as salts, are absorbed by them, while 
others, such as colouring matters, as a general rule, do not enter them 
at all. The matter which the lymphatics are ordinarily engaged in 
absorbing, is the liquor sanguinis, which, during the circulation of 
the blood through the capillaries, is imbibed by the tissues. Besides 
this fluid, however, small molecules are taken up from the paren¬ 
chyma of the organs and form the globules of the lymph, in the 
same manner as the globules of the chyle are, as it appears, absorbed 
by the lacteals with the fluid portion of the chyle from the food con¬ 
tained in the alimentary canal. 

The organic process by which the lymphatics absorb is therefore 
materially different from that by virtue of which the capillaries im¬ 
bibe all foreign matters in a state of solution; it is also different from 
the process of absorption in the radicle fibres of plants, by which 
every matter which is in solution is absorbed.* 

Power by which the lymphatics and lacteals absorb. —I confess 
that the act of absorption in other parts as well as in the intestines, is 
to me quite an enigma. Capillary attraction, by which some persons 
would explain so many processes in the animal body, accounts for 
the filling of capillary tubes only when they are empty, or when they 
have the power of emptying themselves from time to time; it does 
not explain the absorption and motion of the organic fluids. It is 
probable that some other kind of attraction, and this certainly not of a 
merely physical nature like capillary attraction, but an organic attrac¬ 
tion of a kind hitherto unknown, is here in action. I have never seen 
the slightest motion in the villi of the intestines, although I have laid 
open the intestine in a living rabbit and examined its internal surface 
under warm water. Nor have I observed any sign of movement 
even in the lacteals of the mesentery, in the receptaculum chyli, or 
in the thoracic duct. I have applied the wires of a strong galvanic 
battery to the thoracic duct of a goat, which was opened as quickly 
as possible, while still alive, but could perceive no contraction: it was 
not till some time had elapsed, that the duct appeared to have become 
somewhat narrower at the point to which the wires had been applied, 
and presented several very inconsiderable constrictions. 

In no point, perhaps, do plants and animals so much resemble 
each other as in the ascent of fluids from absorbing surfaces in the 


* Tiedemann’s Physiol, i. 223. English Translation, p. 85. 
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absorbent vessels of animals and the ascent of the sap in the vessels 
of plants. The ascent of the sap in plants is, however, effected solely 
by the action of the roots and their spongiola, as proved by the ex¬ 
periments of Dutrochet. The structure of these plants is cellular, 
and from it the imbibed and absorbed fluid finds its way into the 
sap vessels proper. The villi of the intestines are not essential 
organs for the absorption of the chyle. For not only is absorption 
performed by the lymphatics without villi in all parts except the 
intestines, but the intestines of many animals are destitute of villi. 
Nevertheless, the villi of the intestines are in some measure analo¬ 
gous to the spongiola of the roots of plants; it must, however, be re¬ 
membered that the absorbents in the villi have the same structure as 
in other parts which have no villi. 

Dutrochet explained the phenomena of absorption both in plants 
and animals by the laws of endosmose. It is easy, however, to per¬ 
ceive that the phenomena of endosmose in dead animal membranes 
are by no means sufficient to account for the organic process of 
absorption in the animal and vegetable kingdoms. 

It is probable that there is no mechanical apparatus for absorption 
in the radicles of the absorbent system, since in plants no such appa¬ 
ratus exists. Absorption seems to depend on an attraction, the 
nature of which is at present unknown, but of which the very coun¬ 
terpart, as it were, takes place in secretion; the fluids altered by the 
secreting action being impelled towards the free side only of the 
secreting membranes, and then pressed onwards by the successive 
portions of fluid secreted. In many organs,—for instance, in those 
invested with mucous membranes,—absorption by the lymphatics 
and secretion by secreting organs are going on at the same time on 
the same surface. 

Since the action of the absorbents depends on an organic property, 
circumstances which affect the organisation of a part will necessarily 
elevate or depress their action. Thus in inffammation, as Autenrieth 
remarked, {Physiologic^ ii. 224,) the action of the absorbents appears 
to be diminished, and hence the frequent occurrence of an enduring 
cedematous swelling around an inffamed part. 

It is still uncertain how the remedial means> which are supposed 
to excite absorption, produce their effects; the cases in which their 
action is evident are few. There are substances called resolvents, 
which are capable of softening and dissolving the matters collected 
in superabundant quantity in the interstices of the elementary parts 
of tissues. The possibility of such a process taking place is shown 
apparently by the organic fluids themselves, in which one ingredient 
is frequently the menstruum for another; thus, for example, animal 
matters are kept in a state of complete solution by their organic 
union with mineral substances, as is the case in the serum, or with 
other organic substances, as in the bile, in which picrornel is the 
solvent menstruum of the cholesterine. The use of resolvents in 
medicine is, however, very limited, because many substances, which 
out of the body have the power of dissolving animal matter, have a 
destructive action on living animal textures. The assertion, that the 
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lymphatics continue to absorb after death, appears to me to be 
wholly without foundation. (See E. H Weber, loc. cit. vol. hi. p. 101.) 

2. Change effected by the lymphatic and lacteal vessels on their 

contents. 

The absorbent vessels, the parietes of which are supplied with 
capillaries, seem to effect a change in the composition of the chyle 
and lymph. The absorbent glands have the same action; they serve 
merely as means of increasing the surface of action; for, in the lower 
vertebrata, they are replaced by mere plexuses, and are, in fact, 
merely plexuses in a more highly developed form. The chyle in 
the lacteals of the mesentery, according to Tiedemann and Gmelin, 
is not coagulable until it has passed through the mesenteric glands. 
The lacteals and their glands appear, therefore, to have the power 
of converting, by the agency of their parietes, a part of the albumen 
of the chyle into fibrin. In many diseases this action of the lacteals 
on the elementary combination of their contents is modified, or the 
vessels themselves suffer from the action of fluids morbidly formed, 
as in scrofula. 

It is probable, as E. II. Weber has endeavoured to prove, that the 
absorbents produce a change in the composition even of foreign mat¬ 
ters which they take up. Thus Emmert has observed that after 
the abdominal aorta had been tied, the poison of the angustura 
virosa inserted into a wound of the foot, did not exert its deadly 
effect, and that prussic acid applied in the same way had also no 
effect on the animal, when the circulation in the lower extremities 
was stopped by ligature of the abdominal aorta. Now these poisons 
by mere imbibition could enter the lymphatics as well as the blood¬ 
vessels, so that the absence of their usual effects in these cases must 
be attributed to a change effected by the lymphatics in the matters 
which they absorb. 

The absorbents are endowed with a peculiar sensibility to the 
action of foreign matters, becoming painful, sometimes inflamed and 
swollen, so as to be distinguished through the skin by red streaks 
when such matters have been absorbed. Under the same circum¬ 
stances, the glands in the neighbourhood of the absorbing spot also 
swell and become painful. Ordinarily, if the absorption of the irri¬ 
tating matter is not continued, the swelling disappears, but sometimes 
the glands inflame and suppurate. This enlargement of the neigh¬ 
bouring glands is observed to take place under various circumstances, 
such as the introduction of an animal poison under the epidermis, 
the application of a blister, the bite of a snake, a cut or prick re¬ 
ceived in opening a putrescent body, or the inunction of tartar emetic 
ointment or mercury; it often occurs, also, in glands near an inflamed 
part in which pus is forming. Thus, the inguinal glands swell in 
cases of gonorrhoea, or of venereal infection of the genitals where 
there is no gonorrhoea. The mesenteric glands seem to stand in the 
same relation to the intestines, as the superficial glands to the skin; 
they become inflamed when the intestines are inflamed and ulcerated, 
—for example, in typhus abdominalis. 
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3. The motion of the lymph and chyle. 

The powers by which the lymph and chyle are moved are un¬ 
known. It is possible that the absorbent vessels and thoracic duct 
propel their contents by imperceptible progressive contractions; but 
it is not known whether this is the case. Tiedemann and Gmelin, 
however, observed that the thoracic duct, when punctured, expelled 
its contents in a jet. They suppose, therefore, that the lymphatics 
and lacteals, although not endued with rhythmic contractility, never¬ 
theless have the power of propelling onwards their contents. II 
they really exert such a power, it must be facilitated by their valves; 
the arrangement of which, indeed, is such that* even external pressure 
applied to the lymphatics or lacteals by the muscles, must have the 
effect of propelling onwards the lymph and chyle. 

The motion of the lymph and chyle most probably depends prin¬ 
cipally on the continued absorption going on in the radicle network 
of the lymphatics, in the same way as the ascent of the sap in plants, 
during the spring, depends solely on the constant absorbing action of 
the roots. 

The lymph-hearts which I have discovered in reptiles and Am¬ 
phibia, must considerably facilitate the motion of the lymph in those 
animals. They discharge the lymph of the lower part of the body 
directly into the ischiadic vein, that of the upper part of the body 
into a branch of the jugular vein. In Mammalia and man it is only 
in the subclavian veins that the chyle and lymph are mixed with the 
blood; all the chyle and the greater part of the lymph being poured 
into the left subclavian vein by the thoracic duct. The lymph and 
chyle are often still to be detected in the blood of the superior cava. 
The process of their conversion into blood in their course through 
the circulation has been already described. I have never been able to 
perceive the slightest motion in the thoracic duct and receptaculum 
chyli, or in any part of the absorbent system of Mammalia (p. 278); 
and in reptiles the lymphatic hearts are only the parts of the absor¬ 
bent system in which I have perceived any contractions. 

The rate.of the motion of the lymph in the lymphatics is quite 
unknown. —Some idea of the rate at which the chyle moves, may 
be formed by observing the time required for the distended lacteals 
in the mesentery of an animal just opened to become invisible, and 
by ascertaining the quantity of the fluid which can be collected from 
the thoracic duct. In Magendie’s experiment half an ounce of chyle 
was collected, in five minutes, from the thoracic duct of a middle- 
sized dog. Collard de Martigny obtained nine grains of lymph, in 
ten minutes, from the thoracic duct of a rabbit which had taken no 
food for twenty-four hours. He found, after having pressed out 
the lymph from the principal lymphatic trunk of the neck in a dog, 
that the vessel filled again in seven minutes; in a second experiment, 
it filled in eight minutes.* 

* Journ. de Physiol, t. viii. 
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BOOK III. 


OF THE CHEMICAL CHANGES PRODUCED IN THE ORGANIC 

FLUIDS AND ORGANISED TEXTURES UNDER THE INFLU¬ 
ENCE OF THE VITAL LAWS. 

The power by which elementary substances are, in the organic 
system, united into ternary and quarternary compounds, in opposition 
to their ordinary chemical affinities, which would lead them to form 
binary compounds,is without doubt a peculiar “force” or “impon¬ 
derable matter” unknown in inorganic nature:—probably the same 
force or principle that governs the formation and nutrition of the 
different organs of the body after a plan of strict adaptation. (See 
page 29, et seq.) To attribute to electricity the production of all 
organic compounds would be a perfectly gratuitous hypothesis. Until 
the properties of the principle which influences organic combinations 
are known, it can be spoken of merely as a power, the existence of 
which is certain, but of which the nature cannot be defined, and it is 
in this sense that we use the terms “vital principle” and “organising 
force.” The law which regulates the action of parts endowed with 
this power on other substances, is that of assimilation. 

The material changes which occur in the organic system, may be 
divided into the purely chemical and the organic chemical. 

1. Purely chemical changes ensue in the animal system when the 
vital principle loses its influence on the textures of the body, or be¬ 
comes incapable of counterbalancing the tendency of the elements to 
form binary compounds in accordance with their ordinary chemical 
affinities. 

Concentrated acids and alkalies unite with the component elements 
of living animal bodies, and produce new substances, the animal matter 
being destroyed. Dilute muriatic and acetic acids in the gastric juice 
aid in the solution of elementary substances. The greater number 
of metallic salts combine with animal matters readily, and in definite 
proportions. (See Mitscherlich in'Muller’s Archiv. 1836, 1837.) 

These purely chemical actions are of frequent application in the¬ 
rapeutics. The property which albumen possesses of precipitating 
corrosive sublimate, and uniting with it to form an insoluble sub¬ 
stance, suggested to Orfila the happy idea of trying it as an antidote. 
(Huenefeld, Physiol. Chemie, i. pp. 65,89.) An antidote, as Huene- 
feld remarks, must have a strong affinity for the poison, and but 
slight chemical affinity for the animal body, so that it may be intro¬ 
duced into the system without ill effects. Sulphur neutralises arsenicj 
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and, by giving rise to an insoluble compound, renders it less hurtful. 
It is on account of their insolubility that preparations of mercury 
which contain sulphur are inert in the treatment of syphilis. (Huene- 
feld, Physiol. Chemie^ p. 66,) The soluble sulphates are antidotes 
for poisoning by barytes and salts of lead, because the sulphates of 
barytes and of lead which are formed are insoluble. (Ibid. p. 67.) 
Magnesia neutralises the acid of the stomach. The success attending 
the administration of the carbonates of alkalies in cases of lithic acid 
deposit, and of the formation of calculus, from the urine, depends on 
the lithic acid being dissolved by the alkalies, and the urine rendered 
alkaline. Salts of vegetable acids are useful in the same way, being 
converted into carbonates in the animal body or yielded in that form 
to the urine. Nitric acid, chlorine, and chlorates have been used 
with success, in preventing the development of sulphuretted hydro¬ 
gen, ammonia, and hydrosulphate of ammonia, from sores of hospital 
gangrene and from cancerous sores. The use of mineral acids in 
putrid fever with a tendency to alkalinity of the fluids, may be 
regarded in the same light. 

The colouring matter of madder evinces a strong affinity for phos¬ 
phate of lime even in the living body, the bones being the only parts 
which are coloured by it when it is taken with the food. Lastly, 
many foreign substances taken up into the circulation, are in part 
chemically changed, and are again expelled from the system in their 
changed or unchanged state. 

2. In other cases, certain substances, particularly those generated 
by the decomposition of the organic matter in diseased animals, act 
on other living animals in a manner which resembles the chemical 
process of fermentation.* Thus, contagions give rise to the produc¬ 
tion of similar changes of composition in the animal matters of other 
living beings. 

3. Chemical compounds and simple elementary substances, how¬ 
ever, by affording the components which were deficient for the 
formation of new organic compounds in the body, may favour the 
production of these compounds instead of decomposing them, and 
thus assist the operations of the vital principle. Thus the admixture 
of a certain proportion of mineral substances in the food is necessary. 
The change effected in the blood during respiration is an organic 
chemical change, in which a binary compound is formed and sepa¬ 
rated from the blood. 

4. Organic substances again may reciprocally decompose each 
other even without the influence of the vital principle. Thus saliva, 
according to Leuchs, [Poggendorps Jinnal. 1831, p. 5,) and 
Schwann, {Muller’s l/lrchiv. 1836, p. 138,) converts boiled starch 
into sugar, and Tiedemann and 'Gmelin have shown that starch is 
changed in the stomach of animals into gum of starch and sugar. 

* According to recent observations, the process of fermentation depends on the 
growth of a very simple vegetable (the Torula Cerevisse of Turpin) which exists 
in yeast in the form of the yeast globules; and, nourishnig itself by extracting 
some elements from the organic matter of fermenting fluids, causes the alcohol, or 
acetic acid, to be set free. 
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Fibrin or muscle is said like yeast, to excite fermentation in solu¬ 
tion of Migar. Dr. J. Davy, however, on performing the experi¬ 
ment with beef, and continuing it three or four days, obtained gum 
in place of alcohol. [Kastner’s Archiv.lSSl, p. 396.) The organic 
digestive principle, or “ pepsin/’ secreted by the walls of the stomach, 
dissolves coagulated albumen and fibrin very readily, even out of 
the body, and so modifies their composition that they acquire different 
chemical properties. In the animal system, however, the action 
of organic fluids on one another is modified by the vital principle. 
The action of saliva and of bile in the process of digestion, is not 
intelligible from the effects which they produce on organic com¬ 
pounds out of the body. The processes just alluded to, and, perhaps, 
those mentioned in the following paragraph, also, appear to belong to 
that class of chemical actions to which Berzelius [Fortschritte d.phy- 
sisch. Wisseiisch. Bd. 15. pp. 237-247,) has given the name “cata¬ 
lytic.” They are actions in which a certain matter by its presence 
gives rise to decompositions or combinations in other substances, 
without itself undergoing any appreciable change. Thus, the pre¬ 
sence of sulphuric acid decomposes alcohol into ether and water; 
finely divided platina and other metals cause hydrogen and oxygen 
to unite suddenly. Dilute sulphuric acid acting upon starch, con¬ 
verts it into sugar, and an organic substance called “diastase,” found 
in abundance in the buds of the potato, effects the same change in 
the starch of that tuber; a change necessary for the nutrition of the 
plant. Thousands of such catalytic actions, Berzelius remarks, are, 
probably, going on in the economy of organised bodies. It has been 
recently stated by M. Fremy, {Comptes Rendus, 1839, Juin 17 and 
Juillet 30,) that many animal membranes, but particularly that of 
the calf’s stomach, have the property of converting sugar of milk 
and other saccharine substances into lactic acid, and organic salts, 
such as the citrates, malates, and tartrates of potash and soda, into 
carbonates, when solutions of these substances are brought into con¬ 
tact with them out of the body; and that the membranes themselves 
seem to undergo no change since the same portions of them serve 
for repeated experiments. All these facts strengthen the probability 
of the view, that the changes of composition constantly going on in 
organic bodies, do not essentially differ from the ordinary chemical 
changes. The production of the different secretions even may de¬ 
pend on peculiar “catalytic” actions of the walls of the secreting 
canals. 

5. Organic assimilation is evinced in the changes of composition 
which organic fluids undergo, while exposed to the influence of living 
surfaces endued with the vital principle. Thus, the composition of 
the chyle absorbed from the alimentary canal undergoes a change in 
the lacteal system; the quantity of fibrin that it contains being greater 
in proportion to the number of mesenteric glands through which it 
has passed. In the formation of the different secretions the same 
action of the tissues on the fluids takes place, but in a modified form, 
inasmuch as the components of the blood, which have been changed 
by the action of the tissues, are in this case separated from it. 
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6, Lastly, assimilation is still more remarkably manifested in the 
conversion of the organic fluids into the formative particles of the or¬ 
gans in the process of nutrition. The blood in the capillaries comes 
in contact with the smaller particles of nerves, muscles, mucous mem¬ 
brane, glands, &c., and each tissue exerts its assimilating action on 
the substances contained in the blood, changing their elementary com¬ 
position, nourishing itself by their appropriation, and at the same 
time imparting to them the property of organizing other matters in 
their turn. The essential phenomenon of this kind of assimilation is 
seen in the germinal disk (blastoderma) of the egg, before vessels and 
the blood are formed. The germinal disk increases at the edges so 
as to form the germinal membrane at the expense of the yolk. The 
albumen of the yolk gradually undergoes a change of composition, 
and at last ceases to be coagulable by heat. As soon as vessels are 
developed, growth is effected by the enlargement of the particles 
between the capillaries, and by the formation of new vessels. If in 
an organised texture, or living substance. A, B, C, and D are the ele¬ 
ments which are combined in certain proportions to form each 
organic molecule, the organising principle of the part effects not only 
the combination of A, B, C, and D to form component particles, but 
also the union of these particles to form organic tissues; and the 
organic fluids in contact with them are compelled to change their 
composition to the combination of A, B, C, and D, that is, to form 
atoms of this composition, while these atoms are made to unite with 
the assimilating organ. By atoms are here intended not organic 
globules, but those invisible atoms which, in chemistry, are supposed 
to constitute the ultimate particles of a compound. 

The production of vital phenomena—of muscular contraction, &c. 
—is constantly giving rise to the decomposition of a certain quantity 
of organic material, to replace which new matter is supplied by the 
nutriment. In this respect, however inapt the comparison may be 
in other points, the animal machine resembles every other machine, 
the action of which necessitates the destruction of some material, 
and wliich, like the steam-engine, requires a certain quantity of new 
matter for the continuance of its action. The most wonderful part 
of the process is, that, while the system gets rid of its old material 
and developes vitality in the new, it does not lose any vital power 
with the matter which it casts off; it would therefore, almost appear, 
either that the vital principle leaves the decomposed elements, and 
unites itself to the new matter, or that the nutriment itself is a source 
of increase of the vital principal, supposing that a portion of this 
principle becomes inert with the destruction of the old components of 
the animal body. [See page 44.) 

The first general law that regulates the formation of different 
animal substaiices seems, as Autenrieth remarks, to be the law of 
attraction of similar parts for each other. But the particles of living 
structures have a great attraction among themselves, and therefore 
do not leave their combination to unite with the particles of the nu¬ 
trient fluid, while they attract to themselves the analogous particles 
from the blood; so that in the exertion of this affinity it seems to be 
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the blood which principally undergoes a separation of its elements. I 
cannot conclude these remarks better than in the words of Auteririeth: 
—“Bone secretes only osseous matter; muscle secretes fibrin, and 
even a morbid scirrhus or a steatoma grows by the deposition of 
analogous matter. The growth, by the attraction of similar particles, 
is not manifested merely in the chemical components of an organ; 
even in its organisation a similar law prevails. A polypous excre¬ 
scence of the vagina or nostrils differs less in chemical composition 
than in its organisation from the surrounding healthy parts. Once 
formed, however, it continues to a certain extent to grow with its 
own peculiar structure. A cicatrix, although it possesses a structure 
different from the original organisation of the skin, continues to he 
nourished in the same form; it even enlarges as the rest of the body 
grows.” [Autenriethj Physiol, ii. p. 181.) 


SECTION I. 
or RESPIRATION. 

CHAPTER I. 

Of Respiration in general. 

Composition of the atmosphere. —Oxygen is the essential respi¬ 
rable component of the atmosphere, of which it constitutes twenty- 
one parts in 100, seventy-nine parts being nitrogen. The proportion 
of carbonic acid in the atmosphere is extremely small; 10,000 volumes 
of atmospheric air contain, according to M. de Saussure, only 4.15 of 
carbonic acid. In the open country the maximum proportion of this 
gas was 5.74, the minimum 3.15, in 10,000 parts. In the town of 
Geneva the air contained 0.31 more carbonic acid than in the 
country. {Berzelius^ Jahrb. ubersetzt. v. TVoehler, xi. 64.) There 
are also local impurities, such as an organic matter, which rain water 
likewise contains, and which, with the concurrent action of light, 
reddens a solution of silver. {Gmeliii’s Chemie,'i.4:^2.) Air, in which 
men or animals are breathing, loses a certain proportion of its oxygen, 
and in its place acquires nearly the same volume of carbonic acid. 
The same change is effected by respiration in pure oxygen. Although 
we do not regard respiration really as a species of combustion, yet 
the great similarity of the chaiiges produced in the air by the two 
processes cannot but be remarked. In respiration, as in combustion, 
the nitrogen seems to act quite a neutral part, merely moderating the 
process by diluting the oxygen. 

Respirable and irrespirable gases. —In considering the various 
gases in reference to respiration and the respiratory organs, a dis¬ 
tinction must be made between those that are merely incapable of 
supporting the process, and such as are actually poisonous in their 
action. Nitrogen and hydrogen are instances of the former kind; 
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they do not support life when respired in their pure state, but when 
mixed with the necessary quantity of oxygen they are perfectly in¬ 
noxious. Those gases which from their affinity for animal matters 
are decidedly noxious to the system, must be again divided into two 
classes; for several gases can be taken into the lungs although 
poisonous in their action, while others cannot be inspired in any con¬ 
siderable quantity, on account of their exciting spasm of the respi¬ 
ratory organs, particularly of the glottis. 

The gases may be classed according to their physiological effects 
as follows:— 

I. Those gases which support the chemicaiprocess of respiration. 

a. Permanently without injury to life. —Atmospheric air. 

b. For a certain period., but not permanently. —Oxygen and 
nitrous oxide. The respiration of oxygen is said to cause even the 
blood in the veins to become of a bright red colour. But at length 
its effects are injurious. Allen and Pepys, however, experienced no 
ill effects from respiring pure oxygen; and a pigeon which they 
placed in oxygen gas merely became restless and embarrassed, but 
recovered when restored to the air. Lavoisier and Seguin perceived 
no disturbance of the functions in Guinea pigs which were kept 
twenty-four hours in oxygen gas. Allen and Pepys found that when 
oxygen was inhaled, a larger proportion of carbonic acid was con¬ 
tained in the gas expired than uncTer ordinary circumstances; but in 
the case of a pigeon, less carbonic acid seemed to be formed than 
during respiration in atmospheric air. The respiration of pure 
oxygen is injurious to phthisical patients. Nitrous oxide gas sup¬ 
ports life for a short time, but soon has a stupifying and intoxicating 
effect, producing excitement, illusions of the senses, confusion of 
mind, and, at length, syncope. {Sir H. Davy, Researches on Nitrous 
Oxide.) A portion of the gas is absorbed into the blood, which be¬ 
comes of a purple colour, w*hile the face and lips have the colour of 
death. Nitrogen and a scarcely perceptible quantity of carbonic acid 
are expired with the gas from the lungs. 

11. Gases which are respirable, but do not support the chemical 
process of respiration. 

a. Gases which have a positively injurious influence, but fail to 
support life, simply from containing no oxygen. —Nitrogen and 
hydrogen. Lavoisier and Seguin caused Guinea pigs to respire a 
mixture of equal proportions of oxygen and hydrogen; no particular 
symptoms were produced, and the experimenters found that the 
same quantity of oxygen was consumed as when the mixture con¬ 
sisted of equal quantities of oxygen and nitrogen, and that no hy¬ 
drogen was absorbed. The researches of Allen and Pepys seem to 
show that when hydrogen alone is respired, nitrogen is exhaled from 
the blood. Allen and Pepys and Wetterstedt* state that the respira- 

* Berzelius, Thierchemie, 101. Traite de Chetnie, traduit par Esslinger, t. vii. 

p. 106 . 
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tion of hydrogen produces a tendency to sleep. I placed some frogs 
in impure hydrogen, as prepared from zinc and dilute sulphuric acid, 
and they became insensible in a few hours; but when I had pre¬ 
viously purified the hydrogen and freed it from the foetid oil, by 
passing it through alcohol, a frog lived in it twelve hours, breath¬ 
ing from time to time; at the end of twenty-two hours it was appa¬ 
rently dead, but still moved slightly when taken out and pinched. 
In other experiments frogs lived only three or four hours, even in 
pure hydrogen. 

b. Poisonous gases. —Carburetted hydrogen, phosphoretted hy¬ 
drogen, sulphuretted hydrogen, arseniuretted hydrogen, carbonic 
oxide, cyanogen (?). According to Thenard, atmospheric air which 
contains ysVoth of its volume of sulphuretted hydrogen will destroy 
a bird; when it contains ^^oth of hs volume, it is poisonous to a dog; 
and with j-^^th, to a horse. Carbonic acid, also, is one of these 
poisonous gases. It excites no coughing, even when inspired in 
large quantity, but produces narcotism and fatal stupor. Atmos¬ 
pheric air, which contains more than 10 per cent, of carbonic acid, 
is quickly destructive of life. The above gases also destroy life 
when injected in small quantities into the blood. [Nysten. See 
page 152.) 

III. Gases which in large quantity cannot he inspired, on ac¬ 
count of their producing spasmodic contraction of the glottis, and 
which, tvhen inspired in small quantities, excite coughing. —All acid 
gases (with the exception of carbonic acid gas), chlorine, nitric oxide, 
fluoboric acid gas, fluosilicic acid gas, aiid ammonia. [Berzelius, 
Thierchemie, p. 103.— Gmelin, Chemie, Bd. iv. p. 1527.) 

Any fluid,—water, for instance,—acts on the glottis like a solid 
body, exciting it to spasmodic contraction, so as even to produce 
suflbcation; while very little irritation is produced by the presence 
of fluid in the lungs themselves, so that a considerable quantity of 
fluid may be injected into them by an opening in the trachea with¬ 
out exciting cough. 

njlquatic respiration. —A part of the animals which inhabit the 
water,—namely. Amphibia and aquatic Mammalia,—come to the 
surface to respire atmospheric air, and breathe by means of lungs; 
others, as fishes, have gills, in which the blood is aerated by the 
water itself, or rather by the air which the water contains. The 
water of lakes, rivers, and the ocean, is impregnated with atmos¬ 
pheric air, or, more correctly, with oxygen and nitrogen, in determi¬ 
nate proportions, which it absorbs from the atmosphere. Humboldt 
and Provencal obtained from 10,000 parts of Seine water, by boiling, 
from 264 to 287 parts of gas, of which from to was oxy¬ 
gen, and from t|o tVo carbonic acid. It must not be imagined 
that the water itself undergoes any change during respiration; it is 
only the gas with which it is impregnated that is changed, the oxygen 
being removed, and the carbonic acid increased in quantity. When 
fishes are made to respire water impregnated with oxygen and hy¬ 
drogen, the oxygen is absorbed, but the quantity of the hydrogen 
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remains unchanged. If fishes are placed in water which has been 
subjected to long-continued boiling, they die from want of oxygen in 
the space of four hours, during which time their respiratory move¬ 
ments are continued. Priestley found by experiment that fishes will 
live ten or fifteen minutes in water which has been freed from air 
and afterwards impregnated with nitric oxide; but that as soon as 
the smallest quantity of atmospheric air gains access to such water, 
the fishes are seized with convulsive motions and die. 

The respiratory movements. —The chemical process of respiration 
is not essentially dependent on the respiratory movements. They 
merely serve to expel the air or water which has undergone the 
change induced by the chemical process constantly carried on be¬ 
tween it and the blood, and to renew the supply of fresh air or 
water. 

The lungs, by their internal surface, offer an immense expansion 
for the action of the blood and air on each other; and, as they are 
never completely emptied by the act of expiration, this action is con¬ 
stant. By the contraction and dilatation of the chest, the motions of 
which the lungs follow, a portion of the altered contents of the pul¬ 
monary reservoir is first expelled,and then a new supply introduced, 
to undergo change in its turn. Fishes take in fresh water by the 
mouth, and then, passing it through the branchiae, expel a portion 
through the branchial openings, the opercula or gill-covers being 
alternately raised and depressed. 

Volume of air respired. —Sir Humphry Davy calculates that the 
human lungs, after the strongest expiration, still contain thirty-five 
cubic inches of air, and after an ordinary expiration, 108 cubic inches; 
he regards from ten to thirteen cubic inches as the quantity usually 
expelled at each expiration.* Herbst [Meckel’s Archiv. 1828,) found 
that adults of large stature, when breathing tranquilly, inspire and 
expire from twenty to twenty-five cubic inches; persons of smaller 
stature sixteen or eighteen cubic inches. 

Necessity of respiration. —The length of time during which life 
can be supported without respiration being performed, varies very 
much in different animals, being shorter in the Vertebrata, and more 
especially in the warm-blooded Vertebrata, than in other animals. 
Warm-blooded animals, placed in the vacuum of the air-pump, die 
in less than a minute; birds, even in from thirty to forty seconds. 
Reptiles will live a considerable time in a vacuum, and in irrespira- 
ble gases; and in Carradori’s [Jinn, de Chim. et de Phys. v. p. 94,) 
experiments a tortoise placed under oil lived from twenty-four to 
thirty-six hours. Frogs die in less than an hour when placed under 
oil; in water impregnated with air they live a long time, respiration 
being carried on by the skin. Edwards says that toads, which he 

♦ The numbers quoted by the author, although mentioned by Sir H. Davy, in 
his different experiments, are not those which he considered most accurately to 
indicate the capacity of his lungs. They were 254 cubic inches in a state of 
voluntary inspiration; 135 in a state of natural inspiration; 118 after a natural ex¬ 
piration; and 41 after a forced expiration. This capacity Sir H. Davy considered 
below the medium, his chest being narrow. 
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confined in baskets and placed in the Seine, lived several days; and 
Spallanzani and Edwards {Meckel’s Jlrchiv. v. 141. Influence of 
Phys. Jigents on Life, p. 31,) have found them live a few hours 
even in water deprived of its air. I have wholly removed the lungs 
of frogs, after tying them at their root, and the animals still lived 
about thirty hours, respiration being performed most probably by 
means of the skin. In the experiment mentioned above, the frog 
placed in pure hydrogen showed distinct signs of life at the end of 
twelve hours, and respired from time to time, and after twenty-two 
hours was still only in a state of asphyxia. In experiments insti¬ 
tuted by Humboldt and Provengal, gold fishes lived an hour and 
forty minutes in water deprived of its air by long boiling; and al¬ 
though in water impregnated with carbonic acid, and in carbonic 
acid gas, fishes died in a few minutes, the same observers found them 
live five hours in nitrogen and hydrogen, in which they kept their 
gill-covers closed. 

The lower animals differ very much in the degree in which respi¬ 
ration is necessary to them; but, generally speaking, it appears not 
to be essential for the maintenance of their life. Carradori states 
that insects die immediately when immersed in oil, and according to 
Treviranus they may be killed very quickly by merely smearing the 
openings of the respiratory organs with oil. Biot, however, found 
insects of the genera Blaps and Tenebrio live eight days under the 
air-pump in air rarefied to a tension of from one to two millimetres. 
The larvae of the gad-fly, in Schroeder van der Kolk’s experiments, 
lived a considerable time in irrespirable gases. The larvae of some 
insects live in putrefying vegetable and animal substances, and seem 
to have little need of pure oxygen, although no insect is known 
which has not a system of tracheal tubes, and which, therefore, 
during life does not respire air. Berzelius saw larvae living in spring- 
water which contained carbonate of iron and some sulphuretted hy¬ 
drogen. Leeches seem to live a long time without fresh water; while 
Tiedemann found that Holothuriae die in a single day if the sea-water 
in which they are kept is not renewed. Intestinal worms, which 
inhabit other living beings, seem to dispense with respiration.* 

* For an account of the respiration of hybernating animals refer to page 77-8. 
The respiration of ova will be treated of in the third chapter of this section. The 
best works of reference on the subject of respiration in general, are—Good wyn on 
the Connection of Life with Respiration, London, 1788. Lavoisier and Seguin, 
Ann. d. Chim. 91, 318. Menzie’s Tentamen Physiol, de Respirat. Edinb. 1790. 
Crell, Ann. 1794, ii. 33. Sir H. Davy, Researches on Nitrous Oxide, Gilbert’s 
Ann. 19, 298. Pfalf, in Gehlen J. de Chem. v. 103. Provenpal et Humboldt, 
Schweigger’s Jour. i. 86. Mem. d’Arcueil, t. ii. Edwards, Ann. de Chim. et de 
Phy. 22, 35; and Influence of Physical Agents, &c. Dulong, Schweigger’s Jour. 
38, 505. Despretz, Ann. de Chim. et de Phys. 26, 337. Spallanzani, Mem. sur 
la Respiration, Geneve, 1803. Hausmann, de Anim. Exsang. Resp. Hannover, 
1803. Sorg, de Resp. Insect, et Verm. Rudolstadt, 1805. Nitzsch, de Resp. 
Anim. Viteb. 1808. Nasse, Meckel’s Arch. ii. 195, 435. Treviranus, Zeitschr. 
fiir Physiol, iv. 1. 
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CHAPTER II. 

OF THE RESPIRATORY APPARATUS GENERALLY. 

Many of the lower animals appear to respire by their entire sur¬ 
face. When a determinate portion of the external membrane destined 
to effect certain changes in the air, or in the water impregnated with 
air, which comes in contact with it, is developed within a small 
space into a great extent of surface, so as to'render the contact with 
this air or water more extensive, it constitutes a respiratory organ. 

Different forms of the respiratory organ .—The development of 
the respiring surface may take place either towards the interior of 
the body in the form of ramified or sacculated cavities called lungs, 
or towards the exterior in the form of lamellated, ramified, pecti¬ 
nated, tufted, ciliated, or pinnated processes, called branchiae, in 
which nature seems to have exhausted all imaginable varieties of 
form in the increase of surface towards the exterior. In the third 
kind of respiratory organ, the increase of surface for the contact of 
the air and the animal textures is obtained by the development of a 
system of tracheal tubes, ramified to extreme fineness, and spread 
through the most minute portions of all the organs of the body. 
This is the tracheal system of insects, and some of the Arachnida. 
The lungs generally respire air; there are, however, exceptions to 
this; for instance, the respiratory organ of the Holothuria consists of 
a tube ramified in an aborescent form, in which the respiratory func¬ 
tion is performed by water being taken into the tubes, and again 
expelled from time to time. In animals provided with branchije or 
gills, the respiration is generally effected by means of water, but 
sometimes by air, as is the case in the terrestrial Crustacea. 

Lungs and branchiae, in their extreme forms, are completely dis¬ 
tinct, but they often approach each other in their essential characters 
so nearly that it is difficult to determine to which type the organ 
belongs. Thus, the gills of the Cyclostomata, and of the sharks and 
rays, are enclosed in sac-like cavities, and the branchiae of the Asidia 
form a branchial sac; but the characters of the two kinds of organs 
are still more confounded together in the pulmonary Arachnida, in 
which the respiratory organs have the characters both of lungs and 
branchiae at the same time; and when Treviranus called them bran¬ 
chiae, and I named them lungs, we were perhaps both equally correct 
or incorrect. In some insects, too, there is a mixed form of respiratory 
organ, partly branchial, partly tracheal. 

In the Infusoria the only respiratory organs seem to be delicate 
cilia, with which, in many species, the surface is in part or wholly 
occupied; they are so minute that it requires the highest magnifying 
powers to see them. 

Among the Echinodermata^ the respiratory organ of the Holo¬ 
thuria is remarkable; it is a tube ramified in an arborescent form 
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with terminal cellules, respiration being performed by the contact of 
water, taken in by the main tube, with the inner surface of the 
organ. 

/n the Annelida the respiratory organs are sometimes tufted 
branchiae of a branched form, as in the Arenicolae, and similar organs 
exist on the feet of the Nereides. 

Among the Mollusca some breathe in the water by means of 
branchiae, others by lungs in the air. 

In the Crustacea the organs of respiration are branchiae, and the 
function is, in nearly the entire class, performed in the water. 

The Arachnida are divided into the pulmonary and the tracheal 
Arachnida. The respiratory organs of the first order are situated at 
the under surface of the abdomen. They are small sacs opening 
externally, each by a separate stigma. The aquatic Arachnida re¬ 
spire the air which is confined among the hairs of their body when 
they descend into the water. 

All insects have a system of ramifying tracheas, and in the greater 
number the respiration is aerial, the air being inhaled through a 
series of stigmata, which are generally situated at the sides of the 
rings of the abdomen.* From the stigmata the air is carried by the 
tracheae, in some insects, into vesicles from which the rest of the tra¬ 
cheal tubes arise; in others, into longitudinal trunks, which ramify 
throughout the most delicate parts of the animal. In several insects, 
particularly in the Orthoptera, there are distinct respiratory move¬ 
ments—alternate dilatation and contraction of the abdomen. 

The larvae of many insects breathe by means of branchiae in the 
water; and some insects, which in the larval state are aquatic, like¬ 
wise respire water when they have attained their perfect condition, 
although they have an internal tracheal apparatus. 

Respiratory organs of fishes. —In the osseous fishes there are 
four gills on each side, supported by the same number of long bran¬ 
chial arches. Each gill consists of a double series of lancet-shaped 
lamellae attached to the branchial arch, like the teeth of a comb to 
its back. These lamellae are frequently united for some distance at 
their base; they give off at right angles smaller lateral lamellae. 
Each of the four branchial arteries, commencing its course at the 
inferior extremity of the branchial arch, runs in a groove along the 
convex border of the arch to its upper extremity, gradually diminish¬ 
ing in size; the veins run parallel with the arteries, but in the oppo¬ 
site direction to them, becoming larger as the latter become smaller, 
and, meeting on the vertebral column, unite to form the aorta. Each 
branchial artery gives off in the course just described, as many 
branches as there are branchial lamellge. These branches bifurcate 
twice, and terminate in the lateral capillary vessels of the smaller 
lamellae, in which the veins take their rise and run in a corresponding 
manner on the opposite side of the branchial lamellae. 

Branchiae of Amphibia. —The respiratory organs of the tadpole 

♦ See the representations of the tracheal system of many insects by Marcel de 
Serres, Isis, 1819, iv. 
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are branchisB. There is a branchial cavity on each side, and each 
cavity contains four branchial arches, from which branchial lamellae 
arise. The branchial cavity on the right side is completely closed in 
by the skin; on the left side a small opening is left. The anterior 
extremities are developed in the branchial cavities. 

The larva of the salamander has external gills, with four branchial 
clefts. The Proteus family have also external branchiae, three in 
number, attached to branchial arches. In the Siren there are three 
branchial clefts on each side, in the Proteus two, and in the Axolotl 
four. The Proteus family, throughout life, as well as the larvae of 
the salamander and frog, in the second stage of their development, 
have both lungs and branchiae, and consequently respire both air 
and water. From the aortic arches, or division of the main artery, 
the branchial arteries arise; and in these arteries the branchial veins 
terminate. 

The lungs of reptiles and Jimphibia are essentially mere sacs, of 
which the internal membrane is developed into folds, forming cells, 
so as greatly to increase the extent of surface. In most Amphibia 
there is a membranous trachea leading to the lungs, but it is gene¬ 
rally very short; in the anourous Amphibia the larynx leads almost 
immediately into the membranous bronchi. The first appearance of 
the cartilaginous plates of the bronchi is in the Dactylethra, in which 
they form very irregularly branched and even perforated lamellae, 
having no resemblance to bronchial rings. In the Pipa, which is 
allied to the Dactylethra, cartilaginous rings are met with. The 
bronchus of the Caeciliae has regular rings of cartilage. 

In the true reptiles the respiratory surface is extended by increase 
of the number of cells in the interior of the lungs. 

In birds the lungs do not occupy the greater part of the thoracic 
cavity, as in Mammalia, They lie at the posterior part, intimately 
connected with the ribs and bound down by the serous membrane, 
which lines the common cavity of the abdomen and thorax; for in 
birds the diaphragm is not developed. On the surface of the lungs 
there are openings, through which air passes from the bronchi into 
large cells, situated around the pericardium and between the viscera 
of the abdomen. The bird can distend these cells with air, but can¬ 
not by that means render itself lighter for the purpose of flying.* 
The cells communicate again with the cavities of the bones, the 
majority of which are filled with air. The body of the bird is thus, 
of course, rendered specifically lighter than if its bones contained 
medulla. When a bird descends from a great elevation, where the 
air is rarefied, into a denser atmosphere, the air within its body very 
soon acquires the same tension as the surrounding atmosphere. 
Another peculiarity in the structure of the lungs in birds is, that their 
bronchi terminate in short blind cylindrical tubes, which lie side by 
side and have cellular parietes. In the embryo of the bird these 
tubes are still more distinct and more separated from each other, and 


* This was shown by Kolhraasch, De Avium Saccorum Aeriorum Utilitate. 
Gottingen, 1832. 

25 * 



294 


CHANGES PRODUCED BY RESPIRED AIR. 


have terminal dilatations. Retzius [Froriep's Not, 749) remarks, 
likewise, that the small bronchial tubes in birds communicate with 
each other. 

In man and Mammalia the structure of the lungs is essentially 
different. The minute bronchi have not the cellular parietes which 
we have described in birds, but terminate each in a distinct cell. 
These cells, or air vesicles, do not communicate one with another, 
their only opening is that of the minute bronchial twig which leads 
into each. Reisseisen {De Fabricd Puhnonum. Berol. 1822,) has 
described a small artery, with its accompanying vein, going to each 
of these cells and forming around it a capillary network, which is 
so close that the diameter of the meshes is scarcely so great as that 
of the small vessels which form it. The diameter of a pulmonary 
vesicle is twenty times greater than that of one of the capillaries 
which are distributed in its parietes. As the diameter of the pulmo¬ 
nary artery is ith smaller than that of the aorta,—their diameters 
being in the proportion of five to six,—the sectional area of the pul¬ 
monary artery, in comparison with that of the aorta, must be in the 
proportion of twenty-five to thirty-six, or of about two to three. If, 
therefore, the smallest divisions of the pulmonary artery bear the 
same proportion to the trunk, as the capillary vessels of the body 
bear to the aorta, the aggregate sectional area of the capillary ves¬ 
sels of the lungs ought to equal two-thirds of the aggregate sectional 
area of the capillaries of the rest of the body. It is very improbable, 
however, that this is the case; consequently the increase of capacity 
with which the ramification of the arteries of the body is attended, 
must be much greater than that which takes place in the ramification 
of the pulmonary artery. 

Respiration is effected by the contact of the air with the blood, 
the smallest particles of which, in its passage through the innumer¬ 
able capillaries ramifying on the cells of the lungs, are, by means of 
the immense surface which all these cells offer, exposed to the action 
of the atmosphere. The chemical process which ensues between the 
air and the blood, is carried on through the delicate membranous 
parietes of the cells, in accordance with the laws developed at pages 
249-252. 


CHAPTER III. 

OF THE RESPIRATION OF MAN AND ANIMALS. 

1. Of respiration in the Jiir. 

Changes produced in the air by respiration .—The earliest accu¬ 
rate experiments on respiration are those of Lavoisier and Seguin. 
They found that the air expired contained more carbonic acid and 
water, and less oxygen, than that which was ihspired; the amount 
of carbonic acid gained being somewhat less than that of the oxygen 
which had disappeared. It being known that one volume of oxygen 
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united with its proportional of carbon, forms one volume of carbonic 
acid, it was conceived that the greater part of the oxygen had united 
with the carbon of the blood, so as to form carbonic acid, which was 
expired in the gaseous form; while the rest of the oxygen, combining 
with hydrogen contained in the blood, had given rise to the watery 
vapour which is exhaled from the lungs in considerable quantity. 
Taking the mean result of the experiments of Lavoisier, Menzies, 
Abernethy, Thomson, and Hales, it would appear that the quantity 
of watery vapour exhaled by an adult in twenty-four hours amounts 
to 7963 grains. This water contains some animal matter. [Gmelin^s 
Chemie, iv. p. 1524.) 

Quantity of carbonic acid generated. —Sir Humphry Davy having 
ascertained that a portion of air, which measured 161 cubic inches, 
was composed of 117 cubic inches nitrogen, 42.4 cubic inches 
oxygen, and 1.6 cubic inch carbonic acid, respired it for the space of 
a minute, during which time he performed nineteen respirations. At 
the termination of the experiment he found the air to consist of 
111.6 cubic inches nitrogen, 23.0 cubic inches oxygen,and 17.4cubic 
inches carbonic acid. Consequently 15.8 cubic inches of carbonic 
acid had been generated in his lungs in one minute. {Sir H. Davy, 
Researches on Nitrous Oxide, p. 435.) 

Messrs. Allen and Pepys* afterwards investigated the subject in 
an admirable manner. The air was inspired from one gasometer 
and expired into another. As the mean result of their numerous 
observations they adopt their eleventh experiment, in which 302 
cubic inches of carbonic acid were exhaled in eleven minutes, or 
about 27.2 cubic inches in one minute. After frequent repetition of 
their experiments, they found that air, after being once respired, con¬ 
tains 8 or 82 per cent, of carbonic acid; and that however often the 
same air is respired, even if until it will no longer sustain life, it does 
not become charged with more than 10 per cent, of this gas. 

Allen and Pepys ascertained, moreover, that a man respiring 
oxygen generates more carbonic acid than when breathing common 
air. Thus, for 100 parts of oxygen inhaled, 12 parts of carbonic 
acid were expired, and a considerable quantity of nitrogen was de¬ 
veloped at the same time. 

Gmelin {Chemie,vj. 1525,) has collected the results of the different 
experiments of Davy, Berthollet, Allen and Pepys, Menzies, and 
Prout; and, taking the mean of all these, it would appear that 100 
parts of air, once respired, contain 5.82 parts of carbonic acid. 

Dr. Prout’s {Ann. Phil. vol. ii. p. 330; and vol. iv. p. 331—334,) 
experiments seem to show that the quantity of carbonic acid gene¬ 
rated in a given time is greatest between the hours of eleven, a. m., 
and one, p. m.; smallest between the hours of half-past eight, p. m., 
and half-past three, a. m. If the quantity of carbonic acid generated 
in respiration is from any cause increased for a period, it afterwards 
sinks in the same proportion below the usual quantity. The amount 

♦ Philos. Transact. 1808, 1809. Schweigger’s Journal, t. I; and Meckel’s 
Archiv. iii. 233. 
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of carbonic acid exhaled by the same person is diminished by de¬ 
pressing passions, by violent exercise, by taking spirituous liquors, 
tea, or vegetable food, and by the long-continued use of mercury. 
Carbonic acid is exhaled in larger quantity when the barometer is 
low. 

The quantity of carbonic acid formed by the process of respiration 
in twenty-four hours, was calculated by Lavoisier and Seguin to be 
14,930 cubic inches, or 8534 grains; Davy estimated it at 31,680 
cubic inches, or 17,811 grains; and Allen and Pepys at 39,600 cubic 
inches, or 18,612 grains. The quantity of carbon thus removed 
from the blood would be, consequently, according to Lavoisier’s cal¬ 
culation, 2820 grains; according to Davy’s estimate, 4853 grains; and 
5148 grains, according to the calculation of Allen and Pepys. In all 
these calculations, the quantity of carbonic acid is, as Berzelius re¬ 
marks, evidently too great; for the solid food taken into the body 
contains three-fourths of its weight of water, and of the other fourth 
seldom more than half is carbon; consequently, six and a quarter 
pounds of solid food would be necessary to supply the quantity of 
carbon which, according to these estimates, is excreted from the body 
by the lungs in twenty-four hours, independently of what is got rid 
of in other ways. 

Amount of oxygen consumed. —Davy, Pfaff, Berthollet, and Allen 
and Pepys, all agree that the air, once respired, is diminished in 
volume. Allen and Pepys attributed this loss, which they estimated 
at not more than of the whole, to accidental circumstances. 
When the same air, however, is respired repeatedly as long as it can 
be borne, the diminution in volume is very distinct; for, taking the 
mean of the estimates which have been given by Lavoisier, Goodwin, 
Davy, Allen and Pepys, and Pfaff, it would be /^th of the volume 
of the air inspired. [Gmelin’s Chemie, iv. p. 1525.) 

The results of most experiments which have been made on the 
subject seem to leave no doubt that less carbonic acid is formed during 
respiration than will replace the oxygen which disappears. Allen 
and Pepys, who are the only observers that failed to perceive this 
difference during ordinary respiration, did not consider that atmos¬ 
pheric air already contains a small proportion of carbonic acid, which 
alone would make a considerable difference in the results. 

Is the proportion of nitrogen in the air changed hy respiration? 
During the respiration of man and of the higher animals, the nitrogen 
of the atmosphere seems to be, under some circumstances, absorbed, 
and under others exhaled. 

The conclusion to be deduced from all the experiments on this 
subject, seems to be, that during respiration nitrogen is both absorbed 
and exhaled by the blood; and that it is from the exhalation of the 
nitrogen being counterbalanced by its absorption, that this exhalation 
is not observed, except when the air respired itself contains no nitro¬ 
gen. The discrepancy in the results obtained by different experi¬ 
menters in regard to this point, is explained by M. Edwards,* by 

* Ann. de China, et de Phys. 22, 35. Influence of Physical Agents, &c., pp. 
226—229. 
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supposing that under certain circumstances the absorption of nitrogen 
is most active, under other circumstances the exhalation. 

M. Collard de Martigny, {Journ. de Physiol. 1830,) who found 
an increased proportion of nitrogen in air which had been respired, 
also observed an exhalation of nitrogen by the skin. On the ground 
that nitrogen, like all other gases, is imbibed by moist animal mem¬ 
branes and by the skin, M. Collard assumes that the absorption and 
exhalation of nitrogen go on at the same time in the lungs, but that 
the exhalation is the more active. Berzelius [Jahrb. iv. 217,) regards 
the idea of a simultaneous exhalation and absorption of nitrogen as 
absurd. 

Respiration of cold-blooded animals. — I' have instituted several 
experiments on frogs, to ascertain the quantity of carbonic acid 
formed by the respiratory process in these animals. Their results, 
together with those of three experiments by M. Edwards, [Influence 
of Physical ^gentSf^c.,) afford 0-57 cubic inch, or rather more than 
half a cubic inch, as the quantity of carbonic acid formed by the 
respiration of a single full-grown frog in six hours. 

From the results of my three experiments, I have again calculated 
the quantity of carbonic acid formed in 100 minutes for every 100 
grains of the animal; and comparing the numbers thus obtained, 
with some experiments on frogs and toads by Treviranus, {Zeit- 
schrift fur Physiol, iv. H. i. p. 23,) who had reduced his results to 
the same conditions of temperature and atmospheric pressure, and 
also calculated them for 100 grains of the animal, and for 100 minutes 
of time, it would appear that for every 100 grains of a frog or toad, 
aVth of a French cubic inch of carbonic acid is formed in 100 minutes. 

Treviranus has investigated in an excellent manner the respira¬ 
tion of the lower animals, also, and reduced the results to the same 
standard with regard to heat, atmospheric pressure, time, and weight 
of the animal, as in his experiments on frogs and toads; and from 
his calculation it appears that, in proportion to their weight, inverte¬ 
brate animals generate as much carbonic acid as the Amphibia. 

Comparison of the products of the respiration of cold-blooded 
and tvarm-blooded animals.—¥ tom the results obtained by different 
observers, in experiments on the respiration of birds and Mammalia, 
Treviranus has calculated the amount of carbonic acid formed, and 
of oxygen absorbed, for everv 100 grains weight of each animal 
during the space of 100 minutes. 

Taking the mean of the data afforded by his table, it appears that 
for every 100 grains weight of a mamrniferous animal, 0-52 French 
cubic inch [0-62 Engl. cub. in.] of carbonic acid is formed in 100 
minutes, and for every 100 grains of birds, 0-97 French cubic inch 
[1-16 Engl. cub. in.], in the same space of time. We have already 
seen that, according to the results of the experiments of Treviranus 
and myself, 0 05 French cubic inch [0 06 English cub. in.] of car¬ 
bonic acid are exhaled by frogs and toads in 100 minutes for every 
100 grains of their weight; consequently the quantity of carbonic 
acid generated by cold-blooded animals is 10 times less for the same 
weight of the animal, than is formed by the respiration of Mamma¬ 
lia, and 19 times less than is generated by birds. 
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Treviranus has found, that in most insects the carbonic acid gene¬ 
rated by respiration is, in proportion to their weight, in as great 
quantity as in Mammalia, although in some cases it approaches the 
proportion observed in Amphibia, The small amount of animal heat 
developed by insects cannot, then, be explained by the proportion of 
the carbonic acid formed in the respiratory process; but Treviranus 
supposes that their low temperature may arise from heat becoming 
latent in them during the development of the nitrogen, which they 
exhale in large quantity. It appears however from the experiments 
of Mr. Newport,* that the amount of heat generated by insects has, 
hitherto, been much underrated. 

But even if the results of experiments on insects be rejected on 
account of their being subject to error from the small size of the 
animal, still, even in the case of Mammalia and Amphibia, the dif¬ 
ference of temperature cannot, with any probability of truth, be 
referred to the difference in the quantity of carbonic acid generated 
in the two orders of animals. 

The experiments of Treviranus seem to show that the generation 
of carbonic acid by the lower animals, is influenced by the tempera¬ 
ture of the medium in which they respire. At 8H® Fahr. a honey¬ 
bee exhaled nearly three times as much carbonic acid as it did at 
58^°. In general, the carbonic acid generated during respiration in 
the open air was insufficient to replace the oxygen absorbed. The 
quantity of oxygen consumed in the respiration of cold-blooded 
animals was often three times as great as that of the carbon exhaled. 

Molluscous animals, however, do not merely extract all the oxygen 
from the air in which they are placed; they continue after this to 
exhale carbonic acid. Treviranus observed in all his experiments 
on the lower animals that nitrogen was exhaled, and in a few cases 
its quantity even exceeded that of the carbonic acid formed. 

2. OF RESPIRATION IN WATER. 

Changes produced in the water by the respiration of fishes .— 
The question of the exhalation or absorption of nitrogen during 
respiration is rendered still more complicated by the fact observed 
by Humboldt and Provengal, namely, that fishes absorb a con¬ 
siderable quantity of azote from the water in which they respire. 
Some fishes were kept during eight hours and thirty minutes in 4000 
cubic cetitimetres of water. -Before the experiment 2582 parts of 
the water contained 524 parts of air; after the experiment the same 
quantity of the water yielded only 453 parts of air. Humboldt and 
Provencal attribute this loss of 71 parts of air to the effect of respira¬ 
tion; and from the difference of the constitution of the air before and 
after the experiment, they calculate the proportion of the gases which 
had been absorbed or exhaled. 

The experiments of the same physiologists show, moreover, that 
fishes absorb more oxygen than is replaced by the carbonic acid ex- 

* See page 87, and Mr. Newport’s paper on the respiration of insects in the 
Philos. Trans, for 1832. 
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haled, which amounts, at most, to fths, and frequently to § only, of 
the oxygen absorbed. 

It appears, from their researches, that fishes in rivers are, with 
reference to the quantity of oxygen in the medium which they re¬ 
spire, in the same condition as an animal breathing in an atmosphere 
that contains less than one per cent, of oxygen; for water never con¬ 
tains more than of its volume of air, of which 31 per cent, is 
pure oxygen. 

Mammalia appear to generate fifty times more carbonic acid than 
fishes. 

Respiration of fishes by the skin. —Fishes absorb oxygen and 
exhale carbonic acid, not merely with their gills, but with the whole 
surface of their body, as long as they are surrounded with water 
impregnated with atmospheric air, but not when they are exposed 
to the air itself. 

Respiration of fishes in the air. —As long as the gills are kept 
moist, fishes will continue to respire in the air, and will absorb 
exactly the same quantity of oxygen as by respiration in the water. 
Aquatic respiration differs then from respiration in the air less essen¬ 
tially than might at first appear. A moist surface is necessary even 
in pulmonary respiration. 

Ermann states that the Cobitis fossilis, which lives chiefly in the 
mud, comes to the surface to swallow air, which subsequently under¬ 
goes in the intestines the usual changes produced by respiration, and 
is afterwards evacuated by the anus. The swimming bladder of 
fishes also contains air, of which one component is oxygen; but this 
air is not derived from without; it is secreted by the inner surface of 
the sac. The proportion which the oxygen bears to the nitrogen is 
sometimes greater, sometimes less, in the air of the swimming bladder 
than it is in the atmosphere. In many fishes, as in the carp, the air- 
bladder communicates with the pharynx. The tube which leads 
from the air-bladder sometimes opens into the pharynx by a wide 
orifice; sometimes, as in the carp, the opening is so narrow that no 
air can enter the tube from the pharynx, and it is, probably, only 
when the bladder is much distended that any air can force its way 
out of it. In many fishes the communication does not exist at all, 
and in them there is usually a red vascular and peculiar tissue in the 
walls of the bladder, destined for the secretion of the air; and even 
when the air-bladder does communicate with the pharynx, it is most 
probable that the air is thus secreted. Rupture of the air-bladder does 
not always deprive the fish of the power of maintaining its balance, 
—the fish does not always fall upon the side. The air-bladder is 
probably intended to enable the fish to alter its specific gravity, which 
it may do by compressing the air by means of the abdominal parietes, 
or on the other hand, by increasing the distension of the bladder. 
(See G. Fisher, fiber die Schwimmblase der Fische. Leipz. 1795. 
G. R. Treviranus, Vermischte Schriften, 2 bd. 156.) 

Many animals which respire by means of branchiae in the water, 
produce remarkable currents in the water around the branchise. 
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These currents are now known to be produced by the vibration of 
minute cilia, and the phenomenon is called ciliary motion. {See the 
Chapter on Ciliary Motion.) 

3. OF THE RESPIRATION OP THE EMBRYOS OF ANIMALS. 

The embryos even of frogs and toads, of sharks and rays, and of 
the sword-fish, are provided with external branchiae for aquatic re¬ 
spiration. 

The ova of oviparous animals during their development effect the 
same changes in the surrounding air as the adult animals; and they 
are not developed, if the supply of atmospheric air, or of water im¬ 
pregnated with it, is prevented. 

Respiration of the embryos of birds and insects. —The embryo in 
the egg of the bird perishes, if the shell is covered with varnish or 
oil. In warm water also the development of the egg of birds is not 
maintained, nor in irrespirable gases according to Viborg’s expe¬ 
riments. {Abhandl. fur Thierdrzte und (Economen. iv. 445.) 
Schwann has shown that when eggs of the common hen are kept at 
the proper temperature in gases which contain no oxygen, although 
the enlargement of the germinal membrane, its division into the 
serous and mucous layers, and the formation of the area pellucida, 
take place, yet neither blood nor embryo is formed. 

Atmospheric air has such free access to the ovum through the 
pores of the shell of the bird’s egg, that it is almost impossible for 
the air not to be acted on by the blood in the vessels of the allantois, 
the chief function of which would indeed seem to be to bring a large 
number of blood-vessels as near the surface as possible. 

Respiration of the embryo of Mammalia. —The first stages of 
the development of the ovum of Mammalia take place not merely 
without the access of atmospheric air, but even before the ovum has 
any connection with the parent, and when it is merely surrounded by 
the secretions of the uterus. At no period of their development do 
the embryos of Mammalia respire in the ordinary sense of the term; 
but the function of respiration is in them supplied by their connec¬ 
tion with the parent animal. E. H. Weber has demonstrated by 
some very interesting dissections the manner in which the placenta 
and uterus are connected in the human subject, and has shown that 
in man, as well as in ruminating animals, no direct communication 
exists between the vessels of the foetus and those of the mother. 

There are several circumstances which render it probable that the 
placenta performs a function analogous to the respiration of the ova 
of oviparous animals. 

Thus, in the first place, interruption of the circulation in the um¬ 
bilical vessels causes the death of the ovum; secondly, respiration is 
necessary to the ova of oviparous animals, and is effected by the 
allantois membrane, which receives the same vessels, as the chorion 
of the ovum of man and Mammalia, namely, the umbilical vessels; 
and the third circumstance is, that in the same order of animals, both 
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oviparous and viviparous genera occur. Thus the ova of the majo¬ 
rity of serpents and lizards are developed in the air; the ova of the 
Lacerta crocea, of the blind worm, and vipers, in the oviduct. Even 
in the ova of the lizard the development of the embryo is far ad¬ 
vanced before the eggs are deposited. These and many other analo¬ 
gous facts concur in showing that the conditions under which the 
embryos of oviparous and viviparous animals are developed, do not 
greatly differ; and thus support the supposition that the placenta of 
Mammalia serves the purpose of respiration. 

There is, however, no perceptible difference of colour between 
the blood of the umbilical arteries and that of the umbilical veins in 
the human foetus, or in that of mammiferous animals. Many female 
sheep are slaughtered at Bonn; so that during the first part of the 
winter the embryo of sheep and even of cows can be obtained easily, 
together with the uterus, and often while they are warm. During 
the winter such parts were brought to me regularly for anatomical 
purposes, and I have not a second time observed a distinct difference 
in the colour of the blood of the umbilical veins and arteries. E. H. 
Weber [HildebrandPs Anat. Bd. iv. 524,) also denies that this 
difference exists, and those who practise midwifery have not ob¬ 
served it. 

The blood of the umbilical vessels of the foetus, like the venous 
blood of the adult, is reddened by exposure to the air. This I have 
frequently observed: it may, perhaps, as Fourcroy has pointed out, 
take place a little slower and in a less marked degree than venous 
blood. The blood of the umhilical vessels and that of the foetus also 
coagulate less firmly than that of the adult. It appears that the 
blood of the foetus, both arterial and venous, differs in no perceptible 
respect from the venous blood of the adult. 

Does the liquor amnios serve the function of respiration ?— 
Some physiologists have maintained that the liquor amnios with 
which the foetus is surrounded, serves the purpose of respiration 
through the medium of the skin; or they have even supposed it to 
be respired by the lungs, because some of the fiuid has been found 
in the trachea. [Scheel, De liq. amnii nat. et usu. Hafn. 1799.) 
The experiments which I made when a student,—and have since 
most carefully repeated,—showing that fishes die as quickly in the 
liquor amnios of the cow and sheep as in oil,—namely, within forty 
minutes,—while in the same quantity of Rhine water they live a 
long time, are sufficient to indicate that the liquor amnios cannot 
serve the purpose of respiration. 
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CHAPTER IV.^ 

OF THE CHANGES WHICH THE BLOOD UNDERGOES IN THE LUNGS.* 

Its colour .—By respiration the blood is rendered of a bright red 
colour. The same change of colour is produced by agitating blood 
with oxygen, and on the surface of venous blood by mere exposure 
to the air. This bright scarlet colour may also be given to blood 
by the admixture of sugar, or of neutral salts,—such as nitrate of 
potash, sulphate of soda, sal-ammoniac, muriate of soda, and car¬ 
bonate of potash. Solution of potash, according to my observation, 
changes the colour of blood to brown, although the contrary is 
erroneously asserted in some works. Thenard and Huenefeld state 
that the blood acquires a cherry-red colour when exposed to an 
atmosphere of ammonia. Chlorine changes its colour first to brown, 
then to white; by acids generally it is rendered brown; but carbonic 
acid first darkens its red colour, then changes it to violet, and at last 
renders it almost black. Wedemeyer says, that prussic acid brightens 
the red colours of the blood; but Hertwitch [Froriep^s Notiz. 759,) 
asserts that it darkens it. Stevens found the colour darkened by 
sulpho-cyanic acid. Carbonic oxide, carburetted hydrogen, and nitric 
oxide, are stated by Huenefeld to change it to violet; while nitrous 
oxide and hydrogen, he says, render it purple, or red brown. I 
have agitated blood with hydrogen gas, but could perceive no change 
of colour. Berzelius found that the colour of blood, which was 
already somewhat darkened, was rendered brighter by carburetted 
hydrogen. It appears, then, that the colour of the blood is changed 
with great facility by various substances. 

Difference between arterial and venous blood .—The specific 
gravity of arterial and that of venous blood were found by Dr. J. 
Davy to be very nearly equal,—namely, in the proportion of 903 for 
the former to 913 for the latter.t According to the same observer, 
the capacity for caloric of the former as compared with that of the 
latter, is as lOTl to 10*10. 

The temperature of arterial blood is stated by Dr. J. Davy to be 
1° or U° Fahr. higher than that of venous blood. This is confirmed 
by Krimer and Scudamore; other observers have perceived no dif¬ 
ference of temperature. (See BurdacWs Physiol, iv. 382.) Auten- 
reith, Mayer, Davy, Berthold, and Blundell, agree that arterial blood 
coagulates more quickly than venous blood; while Thackrah has 
observed the contrary. Mayer, Blainville, and Denis state, that 
venous blood yields somewhat less serum and more coagulum than 
arterial blood. Arterial blood, according to Mayer’s observation, 
contains more fibrin than venous blood, and yields it in thicker, solid? 

* From Original Researches. 

I See Burdach’s Physiol. Bd. iv. p. 381; and Dr. Davy in Phil. Trans. 1814. 
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and shining bundles; in which statement he agrees with Emmert. 
The results of the experiments of Berthold and Denis, and of one 
experiment which I performed with the blood of a goat, have been 
detailed at page 157; taking the mean of these results, it appears that 
arterial contains more fibrin than venous blood in the proportion of 
29 to 24. The greater softness of the fibrin obtained from venous, 
as compared with that from arterial blood, might induce the suppo¬ 
sition that the fibrin undergoes some farther development in the 
respiratory process; but the difference in consistence may be ex¬ 
plained by the circumstance of the fibrin existing in smaller propor¬ 
tion in venous blood, in consequence of which its particles must be 
further separated from each other. The 'smaller proportion of the 
fibrin in venous blood arises wholly, perhaps, from a part of the 
fibrin of arterial blood being appropriated to the nutrition of the 
tissues during the passage of the blood through the capillaries; it 
may arise in part, also, from the lymph which contains fibrin in 
solution being poured into the vascular system near the heart. 

It is, however, probable that respiration does contribute to the 
development of fibrin, and for these reasons:—First, that the blood 
of the fmtus contains a very small proportion of fibrin, though it is 
an error to say it contains none; and, secondly, that in the morbus 
coeruleusj which is dependent on malformations of the heart, such 
as persistence of the canal in the ductus arteriosus, or of the fora¬ 
men ovale, tendency to hemorrhage (from deficient coagulability of 
the blood?) has been observed. The remarkable tendency to he¬ 
morrhage from small wounds, which is sometimes witnessed, is, 
however, an affection distinct from the morbus coeruleus. The 
assertion of Denis, [Rech. exp. sur le Sang Humain. Paris, 1830,) 
that venous blood contains less cruor than arterial blood, appears to 
me to be merely an hypothesis; for there is no means of estimating 
the number of red particles in any kind of blood. (See page 157.) 

The evidence of different observers respecting the quantity of 
water in the two kinds of blood is quite contradictory.* 

From various analyses it appears, then, that there is less carbon in 
the cruor of arterial blood than in that of venous blood, which would 
agree very well with the theory of the excretion of carbon in the 
form of carbonic acid by the lungs. Again, arterial blood contains 
more oxygen than venous blood; and this fact would seem to be in 
favour of the absorption of oxygen by the blood in the lungs. No 
value, however, can be set upon these facts till they have been found 
by repeated analyses to be constant, for a slight difference in the 
drying of the substances to be analysed may make a great difference 
in the results. (See also Lecanu, Etudes Chimiques sur le sang 
Humain. Paris, 1837.) 

The halitus of the blood seems to be an important part of this 
fluid. But it is not known whether it differs in arterial and venous 
blood. 


* For an account of the different statements, see Burdach’s Physiol. Bd. iv. 383. 
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Cause of the changes of colour which the blood undergoes .— 
Arterial blood acquires a dark colour while passing through the 
capillaries of the body, and its bright colour is again restored in the 
capillaries of the lungs. If, however, respiration is interrupted, the 
blood returns from the lungs with its dark venous colour unchanged; 
while, even after the death of an animal, if respiration is kept up 
artificially, the change in the colour of the blood in the lungs takes 
place as before. Division of the nervi vagi does not interrupt the 
process; indeed it is well known that blood out of the body is red¬ 
dened by mere exposure to the atmosphere; and if oxygen is injected 
into the vessels of an animal, even the blood in the veins becomes of 
a bright colour. 

The study of the causes of these changes will lead us to the theory 
of respiration and to the decision of the question, whether the car¬ 
bonic acid expired during respiration existed previously in the blood, 
or whether it is formed by the union of the carbon of the blood with 
the oxygen of the air in the lungs. 

The facts relative to this subject, which have been ascertained by 
experiment, may be stated as follows:— 

1. The colour of venous blood is not rendered perceptibly brighter 
by exposure to the vacuum of the air-pump. 

2. Blood artificially impregnated with carbonic acid also does not 
become of a bright colour vrhen exposed to the vacuum of an air- 
pump. 

3. Blood impregnated artificially with carbonic acid, and thus 
darkened, recovers its natural colour in some degree when exposed 
to the air. 

4. Blood which has been rendered of quite a dark violet colour by 
being impregnated with carbonic acid, acquires a bright red colour 
when agitated with oxygen. 

5. The oxygen in which blood impregnated with carbonic acid has 
been thus agitated, is afterwards found to contain carbonic acid mixed 
with it. 

6. Carbonic acid is evolved likewise when fresh blood is agitated 
with atmospheric air. 

7. No carbonic acid can be obtained from venous blood by the 
agency of heat. 

8. Carbonic acid is set free when venous blood is submitted to the 
vacuum of the air-pump, or when hydrogen or nitrogen is passed 
through it. Vogel, Brande, Home and Bauer, Scudamore, and 
Clanny procured carbonic acid from blood in a vacuum. 

Very opposite results were reached by Dr. J. Davy, Mitscherlich, 
Tiedemann and Gmelin, Strohmeyer, and myself. 

Hoffmann {Med. Gazette, 1833) and Stevens {Ibid. 1834.— Phil. 
Transact. 1834), however, found that, although no carbonic acid 
could be extracted from the blood by mere exposure to a vacuum or 
heat, yet carbonic acid was evolved when the blood was agitated 
with another gas,—for instance, with hydrogen. 

The observations of Stevens and Hoffmann have recently been 
confirmed by various experimenters. Bertuch and Magnus had 
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satisfied themselves of their correctness some time since; and I have 
detailed the results of their experiments in the Archiv. fur Anat. 
und Physiologie, 1836, p. cxxvii. Bischotf* has obtained the same 
result from some very accurate experiments, Gmelin also has now 
convinced himself of the existence of carbonic acid in the blood. 
The experiments of all these observers tend to prove that hydrogen 
as welt as nitrogen, when made to pass through venous blood, be¬ 
comes impregnated with carbonic acid gas; and, according to Pro¬ 
fessor Magnus, it is extracted in as large proportion by them as by 
atmospheric air. The quantity of carbonic acid taken up by hy¬ 
drogen gas amounts to at least ith of the volume of the blood. 
Bischoff succeeded likewise in producing an evolution of carbonic 
acid from the blood by means of the air-pump, but in very small 
quantity. Magnus has found in repeated experiments that a per¬ 
ceptible quantity of carbonic acid is not given out until the air in 
which it is placed is so rarefied that it supports only one inch of 
mercury; and this explains why former observers had obtained an 
opposite result. 

9. A certain quantity of gas can be extracted from arterial blood 
likewise by means of the air-pump, although none, that can be de¬ 
tected, is given out under the influence of heat. 

Magnus ascertained that in a vacuum, arterial blood gives out a 
considerable quantity of gaseous matter, not less, in fact, than is 
evolved by venous blood. 

10. Both kinds of blood contain carbonic acid gas, nitrogen and 
oxygen, but in different proportions; venous blood contains most 
carbonic acid, arterial blood most oxygen; the proportion of nitrogen 
in the two is not always different. This important result, which is 
decisive as to the theory of respiration, has been brought to light by 
the careful and accurate experiments of Magnus. 

From these, it appears that the quantity of gas contained in the 
blood amounts in the mean to yVth, and sometimes is as much as |th 
of the volume of the blood itself; that the oxygen in venous blood 
equals at most ^th, and often only |th of the carbonic acid which the 
same blood contains; while in arterial blood the oxygen equals at 
least ^rd and almost 5 of the quantity of carbonic acid. 

It must not be imagined, however, that these gases exist in the 
blood in an aeriform state; they are in a state of solution in it, just 
as the oxygen and nitrogen are in the water of rivers and lakes. 

The changes of colour which the blood undergoes during its circu¬ 
lation suggests the idea, that the gases combine more especially with 
the red particles than with the fluid part of the blood. The red par¬ 
ticles are constantly acquiring a bright scarlet colour in the lungs, 
and resuming their dark red colour in the capillaries of the rest of 
the body. It is possible, therefore, that they are the means of com¬ 
municating the chemical changes which the blood undergoes in the 

♦ Commentatio de nov. quibusd. Experim. Chemico-physiol. ad illustr. theoriam 
de Respiratione institutis. Heidelb. 1837. 
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lungs to the other organs of the body. But this is a mere suppo¬ 
sition. 

I have convinced myself by careful observation, that in the frog 
the red particles in arterial, do not differ in the slightest degree from 
those in venous blood. 

11. No carbonic acid is evolved during the change of the colour of 
venous to that of arterial blood, which is produced by the admixture 
of neutral salts. 

Dr. Stevens (On the Blood, London, 1832,) has made some inte¬ 
resting observations on the share which the salts of the blood have 
in producing its red colour. 

12. The red coagulum of blood, when placed in distilled water, 
assumes a darker, in fact, a blackish colour.—Stevens found that a 
coagulum placed in distilled water, which extracts the salts, becomes 
dark, and recovers its scarlet colour on being immersed in a saline 
solution. Dr. R. Froriep {Froriep^s Not. 759,) has confirmed this 
experiment. It succeeds in a vacuum as well as in the air. {Muller’s 
x^rchiv. 1835, 119.) From this fact Stevens draws the inference that 
it is not the oxygen of the atmosphere, but the serum with its salts, 
which produces the bright colour of the blood; and hence it is, he 
says, that when the proportion of the salts in the blood is dimin¬ 
ished, as in yellow fever and cholera, the blood is darker in colour, 
and does not acquire the arterial tint when exposed to the air, while 
it assumes it immediately on salts being added. And hence Dr. 
Stevens further infers that the natural colour of the cruorin is dark 
or blackish, and that it is red only while in contact with the serum. 
On this theory he accounts for the fact which he has observed, that a 
coagulum which has been immersed in distilled water, cannot, when 
exposed to the air, acquire the bright scarlet colour until dipped in a 
saline solution. The dark colour of venous blood is ascribed, by 
Dr. Stevens, to the carbonic acid which it is supposed to contain. If 
this supposition were correct, venous blood ought to become arterial 
under the air-pump, which is not the case, and also when exposed 
to hydrogen, for that gas allows of the exhalation of carbonic acid,— 
indeed, a bladder filled with hydrogen, and placed in carbonic acid, 
becomes distended to bursting. (See page 249.) However, without 
denying the necessity of the salts to the production of the arterial 
colour, it must be confessed, that when oxygen acts on the red par¬ 
ticles of the blood surrounded by the saline serum, it gives rise to a 
brighter colour, without the proportion of the saline matter in the 
blood being altered. (See Bischoff, loc. cit.) 
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CHAPTER V. 

OF THE CHEMICAL PROCESS OP RESPIRATION. 

Conditions on tohich the process depends .—It would be a great 
error to suppose that the oxygen of the air permeates the parietes of 
the air-cells and the capillary vessels, to enter the blood during inspi¬ 
ration only, while during expiration the carbonic acid is exhaled 
through the membranes from the blood. The absorption of oxygen 
into the blood which is circulating in the capillaries of the air-cells, 
and the exhalation of carbonic acid from the same blood, go on si¬ 
multaneously and uninterruptedly. The acts of inspiration and expi¬ 
ration have no correspondence with the chemical process: they are 
merely alternately motions of contraction and dilatation of the thorax 
and of the lungs. The latter organs are themselves never completely 
empty; they always contain some air, which consists partly of atmos¬ 
pheric air, from which the oxygen is being constantly absorbed, and 
partly of carbonic acid, which is as constantly being exhaled. By 
the act of expiration the greater part of the air chemically changed 
by the respiratory process, but not all of it, is expelled; by inspira¬ 
tion a supply of fresh air is drawn into the lungs. 

In many animals the respiratory movements of the organs of res¬ 
piration do not exist, and the constant chemical change only takes 
place; this is the case in the larva of the salamander, which breathes 
with external immovable branchise. 

It is unnecessary to enter here into any explanation of the property 
by which the parietes of the air-cells of the lungs allow the oxygen 
of the atmosphere and the carbonic acid to pass through them,—the 
former to enter the blood, and the latter to be exhaled. The property 
of permeability to liquid and gasiform fluids has been shown, in 
Book II. page 249, to be possessed by all soft animal tissues, parti¬ 
cularly by membranes. The process of endosmose or imbibition 
must go on with extrordinary rapidity through the delicate parietes 
of the air-cells of the lungs, and the blood circulating in the mem¬ 
brane forming the cells must participate in the process. Besides, the 
blood, or rather the red particles, have a remarkably strong affinity 
for oxygen; hence the rapidity with which venous blood, when ex¬ 
posed to the air out of the body, acquires an arterial colour; carbonic 
acid being at the same time exhaled. The constant change of dark 
to bright scarlet-coloured blood goes on in the lungs even after the 
pulmonary nerves—the nervi vagi—have been divided. 

The distribution of the blood in such innumerable capillary vessels 
in the parietes of the air-cells, is then evidently intended to expose it 
more completely to the action of the air; the whole mass of blood 
sent to the lungs being, by this means, made to circulate on the vast 
surface of contact afforded by the air-cells. It is still doubtful 
whether the pulmonary tissue is endowed in a greater degree than 
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Other parts with a specific power of effecting a chemical change in 
atmospheric air; for the red particles themselves seem to act the 
main part in producing this change in the air, and similar changes 
take place on other surfaces of the animal body, as on the skin of 
fishes and frogs, and in the intestines of the Cobitis fossilis; moreover, 
the chemical process of respiration is not arrested by division of the 
pulmonary nerves. I have found, as Edwards had previously, that 
frogs will live thirty hours after their lungs have been removed, 
respiring by means of their skin; while, if immersed in water from 
which the air has been expelled by boiling, they die much sooner. 
The lungs, however, by virtue of their organization, by the delicacy 
of the membrane lining their cells, and the immense surface of con¬ 
tact afforded by them, are better adapted than any other parts for 
the performance of the chemical function of respiration. 

Different theories have been advanced to explain the chemical 
changes effected in respiration. 

1 . According to the hypotheses of Lavoisier, Laplace, and Prout, 
the blood is constantly pouring into the air-cells, by exhalation, a 
fluid consisting chiefly of carbon and hydrogen, the union of which 
with the oxygen of the atmosphere gives rise to the carbonic acid 
and water that are expelled from the lungs by expiration. The exist¬ 
ence of such a fluid, consisting of carbon and hydrogen, appears to 
be, in a chemical point of view, quite hypothetical. (See Gmelin^s 
Chemie, 'w. 1529.) Those who adopt this theory, suppose the pro¬ 
duction of animal heat to depend on the formation of carbonic acid 
and water in the cavity of the air-cells, not in the blood; it is neces¬ 
sary, therefore, to remark that the temperature of the lungs is gene¬ 
rally not at all higher than that of other parts of the body. 

2 . The theory adopted by most chemists is that of Sir H. Davy, 
viz. that the air permeates the membranous walls of the air-cells, 
enters the blood, and in it becomes decomposed in consequence of 
the affinity of the oxygen for the red particles, while carbonic acid 
is formed, and escapes, in the gaseous form, with the greater part of 
the nitrogen. Sir H. Davy inferred, from the results of his experi¬ 
ments on the respiration of nitrous oxide and hydrogen, that a certain 
portion of the carbonic acid produced in respiration is evolved from 
the blood itself. According to this theory, the animal heat is sup¬ 
posed to be generated in the blood which is circulating through the 
lungs. The observation of Dr. J. Davy, that the blood of the left 
cavities of the heart and of the arteries—the carotid—is warmer by 
1 °, or l 5 °, Fahr. than the blood of the right cavities or veins—the 
jugular vein—is favourable to this theory. 

3. Some physiologists, availing themselves of the fact that during 
respiration more oxygen disappears than is necessary for the produc¬ 
tion of the carbonic acid which replaces it, admit that the carbonic 
acid is formed in the lungs, or in the vessels of the lungs, by the 
direct combination of a part of the oxygen of the air with carbon of 
the blood, but suppose that the portion of the oxygen not engaged in 
forming carbonic acid, does not unite with hydrogen to form water, 
but becomes chemically combined with the blood, giving to it the 
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arterial colour; and that the red particles thus oxidised form the vital 
excitants of the tissues of the body. The fact of more oxygen disap¬ 
pearing than is accounted for by the carbonic acid formed, does not 
justify the assumption of Lavoisier, Laplace, Dulong, and Despretz, 
that this portion of oxygen which is lost, goes to form the watery 
vapour, by combining with the hydrogen of the blood. The hypo¬ 
thesis, that the watery vapour exhaled from the lungs is formed in 
them by the direct combination of its elements, is quite gratuitous; 
for under the existing external conditions water must evaporate from 
moist animal surfaces, particularly at the temperature of warm¬ 
blooded animals. The hypothesis of the generation of water in the 
lungs has, therefore, been merely invented to support their theory of 
combustion, but is not founded on any proofs. The experiments of 
Collard de Martigny showed that the watery vapour is always ex¬ 
haled, whatever may be the gas respired; that it continues to be 
exhaled even in hydrogen gas, when, consequently, no oxygen is 
present to form it. This fact, however, is, in my opinion, not quite 
decisive of the question; because animals, when placed in these 
irrespirable gases, have always some atmospheric air in their lungs. 
Magendie* states that the exhalation of water from the lungs is in¬ 
creased when water, of the temperature of the body, is injected into 
the veins. The exhalation of water from the lungs, therefore, like 
the transpiration from the skin, must be regarded as a simple exha¬ 
lation from the blood,—not, however, as a mere physical evaporation. 
But on this point I shall have occasion to speak in a subsequent 
section of this book. Since it appears then, that no formation of 
water directly from its elements takes place in the lungs, and since 
most experimenters on respiration, both in air and water, agree that 
more oxygen disappears than enters into the composition of the car¬ 
bonic acid which is formed, the excess of oxygen absorbed must 
unite with the blood, and thus, probably, gives rise to the bright 
colour of arterial blood, and of blood exposed to the air. It is already 
known that a mixture of red particles and serum, or blood deprived 
of its fibrin by stirring, is rendered throughout of this bright colour 
by merely passing oxygen through it. The probability of the oxy¬ 
gen combining with the blood is strengthened by the observation, 
that when blood and air are agitated together, the volume of the 
oxygen absorbed much exceeds that of the carbonic acid formed. 
The experiments performed by Nysten, {Rech. de Physiol, et de 
Chirn. Pathol.) which consisted in injecting gases into the veins of 
animals, and in which oxygen imparted the arterial colour to the 
venous blood, of course without any carbonic acid being evolved, 
are also in favour of this opinion. 

4. According to the theory of Lagrange and Hassenfratz, the 
oxygen absorbed into the blood, in which it is merely in a state of 
solution, or combined in some way with the red particles, does not 
unite in the lungs with the carbon of the blood. Those chemists 

♦ Precis Elementaire de Physiologic, 2nd edit. ii. 246. Translation by Dr. 
Milligan, p. 453. 
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supposed the combination to be accomplished in the course of the 
circulation, carbonic acid thus formed being retained in the blood, 
until, reaching the lungs, it is set free. Lagrange founded this 
opinion partly on the fact that arterial blood, contained in close ves¬ 
sels, after a time assumes spontaneously a dark colour. Now, since 
arterial blood does not lose its bright colour and become venous until 
it passes through the capillaries, the formation of carbonic acid, sup¬ 
posing the theory of Lagrange to be correct, can take place only in 
the capillary vessels of the body. In that case, the venous blood 
ought to contain principally carbonic acid in solution, and the arte¬ 
rial blood oxygen in some way loosely combined. This view of the 
respiratory process has been adopted by a great number of physiolo¬ 
gists, and was chiefly supported by the experiments of Vogel, Home, 
Brande, Scudamore, and Collard de Martigny, which seemed to 
prove that venous blood really contains carbonic acid; and by the 
experiment of Sir H. Davy, from which he concluded that oxygen 
can be obtained from arterial blood by heat. It explains why the 
lungs are not warmer than other parts of the body. F. Nasse has, 
in an excellent treatise on respiration, [MeckeVs Jirchiv. ii. 195,435,) 
collected all the earlier facts supporting this theory. Experiments 
which yielded contrary results, and which we have already detailed, 
had thrown a doubt on the correctness of this view. But the ob¬ 
servations of Stevens, Hoff’mann, Bischoff, and Bertuch, [and lately 
of Dr. J. Davy,] who have shown that venous blood contains car¬ 
bonic acid, and still more those of Magnus, who has demonstrated 
the existence of gas and its composition in both kinds of blood, have 
rendered this theory the most probable. 

5. Dr. Stevens has recently advanced a new theory of the respi¬ 
ratory process, which at first view appears ingenious. According to 
Stevens, the colouring matter of the blood is itself dark, but is ren¬ 
dered scarlet by the salts of the serum. The natural colour of the 
blood, therefore, as long as it is in contact with serum, is bright red 
or scarlet; but if the coagulum of blood is dipped in water, the red 
colour becomes dark, on account of the serum with its salts being 
washed out of the coagulum by the water. The blood, naturally of 
a bright colour, is rendered dark by carbonic acid. Carbonic acid, 
Stevens says, is formed in the capillaries, hence the dark colour of 
venous blood; it is excreted in the lungs, and the natural bright-red 
colour of the blood is thus restored, the oxygen having no share in 
producing the change of colour. If Dr. Stevens’s theory were cor¬ 
rect, venous blood ought to become of a bright colour in the vacuum 
of an air-pump, from the escape of the carbonic acid; this, however, 
as we have already seen, does not take place. The oxygen, there¬ 
fore, which is absorbed by the blood in the lungs, must be the essen¬ 
tial cause of its arterial colour. De Maack* states that the red 
colouring matter of the blood is of a blackish colour, as well when it 
is impregnated with oxygen, as when it contains more carbonic acid, 

* De ratione quae colorem Sanguinis inter et Respirationis functionem intercedit. 
Kil. 1834. 
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as long as it does not come into contact with a solution of neutral 
salts; but that salts render cruor of both kinds red,—the first of an 
arterial hue, the latter of the venous tint. De Maack confirms the 
observation of Berzelius, that serum absorbs only an extremely small 
quantity of oxygen, and evolves no carbonic acid. A solution of red 
colouring matter, on the contrary, measuring two and a half volumes, 
being brought into contact with two volumes of oxygen, absorbed 
one volume and a half, and afterwards, on a saline fluid being added, 
became of a bright red colour. De Maack imagines that the colour¬ 
ing matter which is impregnated with carbonic acid, is decomposed 
by oxygen, the colouring matter becoming oxydised while the car¬ 
bonic acid is set free; just as carbonate of the protoxide of iron 
undergoes decomposition in moist air, being converted into hydrate 
of the peroxide. 

6. According to another theory of the respiratory process, the car¬ 
bonic acid cannot be generated by the union of the oxygen of the air 
with carbon of the blood, because the exhalation of carbonic acid 
goes on when gases containing no oxygen are respired, as was 
shown by the experimenti^ of Spallanzani, on cold-blooded animals, 
since repeated with the same result by M. Edwards. It is supposed, 
therefore, to be formed from the ultimate elements of the blood, like 
other secretions. The secretion of different gases by the air-bladder 
of fishes may be adduced in support of this hypothesis; according to 
which, the carbonic acid would not necessarily exist already formed 
in the venous blood, but might be generated in the capillaries of the 
lungs independently of the concurrent action of oxygen. The exist¬ 
ence of the gases in the blood itself, however, proves that they are 
not originally the product of a secreting action of the lungs. 

7. Mitscherlich, Gmelin, and Tiedemann have lately proposed a 
perfectly original theory of respiration. The facts on which they 
ground their opinion are the following:—That acetic and lactic acid 
exist in the free or combined state in most secretions, and also in the 
blood; that these acids must be generated in the animal body itself, 
because they are contained in much smaller quantity in the food than 
in the cutaneous and renal secretions; and further, that, as they have 
ascertained, venous blood contains more alkaline sub-carbonates than 
arterial blood, the minimum amount of carbonic acid combined with 
alkalies contained in 100 parts of venous blood being 12.3 parts,— 
in the same quantity of arterial blood, only 8.3 parts. They suppose 
now that by the free contact of the blood with the air during respi¬ 
ration acetic acid is generated, which decomposes the alkaline car¬ 
bonate of the venous blood, and sets free the carbonic acid,—that 
the oxygen of the inspired air unites, in part, directly with carbon 
and hydrogen, and forms carbonic acid and water, and in part enters 
into combination with the organic compounds contained in the blood; 
the result of which is that organic products which are necessary to 
life are produced; while, at the same time, other organic substances 
are converted into lower organic products, such as the acetic and 
lactic acids, which decompose a part of the carbonates contained in 
the blood, and expel the carbonic acid into the air-cells of the lungs. 
( Tiedemann's Zeitschrift f. Physiol. 5.) 


312 


RESPIRATION IN HTDROaEN AND NITROGEN. 


While the existence of gases in the blood itself was doubtful, this 
was an ingenious mode of explaining the phenomena; but Gmelin 
himself has since recognised the existence of carbonic acid in the 
blood. 

In determining the nature of the chemical process of respiration, 
all depends on the solutions afforded to the following questions:— 

1. Does venous blood contain carbonic acid, and arterial blood 
oxygen? This question has been determined in the affirmative by 
experiments which we have already mentioned, particularly the ex¬ 
cellent researches of Magnus. 

2. Is the carbonic acid contained in the blood extracted from it by 
other gases as well as by atmospheric air? The experiments of 
Hoffmann, Stevens, Bischoff, Bertuch and Magnus have shown that 
this likewise is the case. Hydrogen and nitrogen, brought freely in 
contact with blood, become impregnated with carbonic acid in as 
large proportion as atmospheric air which has been passed through 
that fluid. 

3. Is carbonic acid exhaled from the lungs of cold-blooded animals 
in an atmosphere of pure hydrogen or pure nitrogen? We shall see 
that this is most certainly the case. 

Products of respiration in hydrogen and nitrogen. —The earlier 
observations of Sir H. Davy {Gilbert’s Jinnal. xix. 320),Coutanceau, 
and Nysten {Meckel’s Archiv. ii. 256), on this subject, are of no 
value; for warm-blooded animals, on which they were instituted, 
can be kept in hydrogen gas but a short time, and their lungs neces¬ 
sarily contain carbonic acid at the commencement of the experiment. 
No certain conclusions can be drawn from the experiments unless 
the animals are kept for a considerable time in the hydrogen or 
nitrogen, and unless the quantity of carbonic acid formed is large. 
M. Edwards {Injl. of Physical Agents Dr. Hodgkin’s translation, 
p. 236,) and Collard de Martigny {Magendie’s Journal, 1830, p. 121,) 
obtained such a result. 

I thought it very requisite to repeat these experiments of Edwards 
and Collard; and, having twenty pounds of mercury at my disposal, 
I was enabled to perform them on a large scale. I have arranged 
the results which I obtained, together with those of some experiments 
by Professor Bergemann, in a tabular form. 

Volume of Carbonic Acid 
generated. 


Name of 

Gas re- 

Duration of 

r 

In decimals 

In decimals 

Observer. 

spired. 

Experiments. 

Hours. 

of French 
cubic Inch. 

of English 
cubic inch. 

Mailer, . . 

Nitrogen, 

G 

0-25 

0-30 

Bergemann, 

. do. 

14 

0-75 

0-90 

Do. 

. do. 

12 

0-5 

0 60 

Mailer and 
Bergemann, 

• Hydrogen, 

22 

05 

0-50 

Mailer, . . 

do. 

6J 

083 

0-99 

Do. . . 

do. 

6 

033 

0-39 

Do. . . 

do. 

8 

04 

0-48 

Bergemann, 

do. 

10 

0-55 

0 66 

Do. . . 

do. 

12 

0-8 

0-96 

Do. . . 

do. 

13 

0-7 

0-84 

Do. . . 

do. 

14 

0-5 

0-60 






THE THEORY OF RESPIRATION DECIDED. 


313 


It might still be objected to these experiments, that the frogs re¬ 
tained a certain quantity of atmospheric air in their lungs, and that 
their intestinal canal might also contain carbonic acid. I have, there¬ 
fore, repeated the experiments in such a manner as to avoid these 
objections, exposing the frogs first to the vacuum of the air-pump, 
and then tilling the vacuum with hydrogen. In one experiment I 
even removed this hydrogen again, by means of the pump, so as to 
get rid of every portion of atmospheric air, and the result was the 
same as before. 

The quantity of carbonic acid, then, which a frog exhales in from 
six to twelve hours in gases that contain no oxygen, may be safely 
estimated at from to | of a cubic inch French, from to iVVths 
of a cubic inch English. The capacity of the lungs and throat of a 
frog, on an average, is not more than § or 2 of a cubic inch, French, 
or xVhs of an English cubic inch; and in these experiments 
the lungs and throats were both compressed, so that they could not 
have contained much atmospheric air and carbonic acid, even if a 
small quantity had remained. The fact, therefore, which Spallan¬ 
zani ascertained, cannot be disputed; cold-blooded animals continue 
to exhale carbonic acid even in gases which contain no oxygen, and 
in nearly as large quantity as when respiring atmospheric air; for it 
appears from experiments, that the average amount of carbonic acid 
generated by a frog breathing atmospheric air, is, in six hours, 0-57 
of a French cubic inch, 0-68 of an English cubic inch. 

These results have been recently confirmed by the equally instruct¬ 
ive experiments of Bischoff, who likewise found, that after the lungs 
of frogs had been tied and cut out, carbonic acid (to the amount of 
0-20 of a French cubic inch, 0-24 of an English cubic inch, in eight 
hours,) continued to be exhaled by the skin. 

Till within the last few years, the theory of respiration was in¬ 
volved in inexplicable difficulties. Blood agitated with atmospheric 
air was known to yield carbonic acid without the influence of the 
living organ, becoming at the same time of a bright red colour; it 
was believed, however, to contain no pre-existing carbonic acid; 
and yet frogs were found to exhale carbonic acid when no oxygen 
was respired, and in nearly as large a quantity as in atmospheric 
air. 

Now,however, the problem is satisfactorily solved. The excellent 
experiments of Professor Magnus have shown that both kinds of 
blood contain oxygen^ nitrogen^ and carbonic acid gas, that arterial 
blood contains more oxygen than venous blood, while carbonic acid 
is in larger quantity in the venous than in the arterial. During re¬ 
spiration carbonic acid is extracted from the blood by the atmospheric 
air, oxygen being yielded to the blood in its place; a portion of the 
carbonic acid still remains, however, dissolved in the arterial blood. 
In the process which is constantly going on between the blood and 
the texture of the organs in the capillary vessels of the body, the 
oxygen, which is a vivifying stimulus for the organised substance, 
disappears in part from the arterial blood, and carbonic acid is formed; 
27 
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the venous blood therefore contains a larger proportion of carbonic 
acid, though it retains some of the oxygen. The venous blood 
reaching the lungs is again deprived of a part of its carbonic acid by 
the action of the atmospheric air. The interchange of the carbonic 
acid and oxygen in the lungs is wholly in accordance with the phy¬ 
sical laws of the absorption of gases. A fluid impregnated with a 
particular gas, does not give it out as long as its surface is subjected 
to the pressure of the same gas; but if it is brought into contact 
with a different gas, an interchange takes place until the gas with 
which the fluid is impregnated, and the gaseous atmosphere which 
presses upon it are equally mixed. This law affords a ready expla¬ 
nation for the exhalation of carbonic acid by frogs in hydrogen and 
nitrogen in as large quantity as in atmospheric air, as well as for the 
fact that hydrogen and nitrogen transmitted through blood become 
impregnated with the carbonic acid which it contains. 

The proportion of carbonic acid contained in the bloody is suf¬ 
ficiently large to account for the whole quantity exhaled from the 
lungs. 

Supposing that two ounces of blood are expelled from the heart 
at each beat, ten pounds must pass through the lungs in a minute; 
and these ten pounds of blood ought to contain 27-4 cubic inches of 
carbonic acid,—such being the volume of this gas which Allen and 
Pepys found to be exhaled from the lungs during a minute’s respira¬ 
tion. But admitting that the quantity of carbonic acid really exhaled 
from the lungs, is less by one half than the experiments of Allen and 
Pepys would indicate,—and it certainly is less,—and adopting the 
estimate of Sir H. Davy, who calculated that 15-8 cubic inches is 
the amount of carbonic acid gas exhaled from the lungs during each 
minute, still ten pounds of blood ought to contain nearly 16 cubic 
inches of that gas. 

The experiments of Professor Magnus have shown that the blood 
contains at least one-fifth of its volume of carbonic acid; and since 
one pound of blood measures about 25 French cubic inches, (one 
pound avoirdupois of water contains 27-7 English cubic inches,) the 
same weight of blood about 26-4 English cubic inches, every pound 
of venous blood ought to contain at least five cubic inches of carbonic 
acid, and the ten pounds of blood which pass through the lungs in a 
minute, 50 (60 English) cubic inches, of which it may easily be con¬ 
ceived that 15-8, or even 27-4 cubic inches, may be exhaled in the 
respiratory process. 

A small quantity of nitrogen is absorbed by the blood from the 
air respired, but does not appear to perform any office in the system, 
since its proportion is the same in arterial and venous blood. 

The object of the respiratory process is evidently, first, the ab¬ 
sorption of oxygen into the blood, which conveys that gas as a 
stimulus to the different organs of the body; and, secondly, the re¬ 
moval from the blood of the carbonic acid which is formed in the 
capillaries. That the latter is not the main object is clearly shown 
by the fact of frogs falling into a state of asphyxia when made to 
respire in hydrogen and nitrogen, although the quantity of carbonic 
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acid which is exhaled in those gases, is not in the slightest degree 
less than in atmospheric air. (a) 

(a) Are not the views of respiration entertained by the author, as presented in 
the text, too purely chemical? He admits that carbonic acid is given out from the 
skin of frogs, as it is known to be from the skin of warm-blooded animals, in¬ 
cluding man; and, if this be the case, it must be of course under an opposite con¬ 
dition of the capillary circulation from that in the lungs, from which this carbonic 
acid is given out. In the lungs, carbonic acid is, we are told, exhaled in exchange 
for oxygen imbibed, and just at the moment of the conversion of dark blood into 
red. In the skin, carbonic acid is given out in the capillaries at the moment of the 
conversion of red or arterial into dark or venous blood, but without the imbibition 
of oxygen, since we know that this latter is less ip quantity in the veins than in 
the arteries,—that is to say, in the present case, it is less after the emission of 
carbonic acid than it was before. In the lungs, oxygen abounds most in the blood 
where, in its passage through the pulmonary capillaries, it had just parted with its 
carbonic acid. Can we qualify by any other term than that of secretion, the 
emission of carbonic acid from the skin? It takes place in the same condition of 
the circulation, viz. at the termination of arterial capillaries minutely distributed 
through a tissue or organ, as all the secretions take place. The chemical view of 
the respiratory process by which carbonic acid is given out from the pulmonary 
mucous surface, cannot explain the formation of this gas at the cutaneous surface. 
But if we should admit the fact of the secretion of carbonic acid from the skin, 
can we deny it from the lungs,—as far as the circulation in these latter resembles 
that in the skin, viz. in the passage of blood from the bronchial arteries charged 
with red blood to the bronchial veins containing dark blood. Muller, in a subse¬ 
quent chapter, distinctly admits, that, which cannot now indeed, after the experi¬ 
ments of Abernethy, Mackenzie, Anselmino and Collard de Martigny, be denied, 
viz. the truly secreting process by which cutaneous exhalations and sweat are 
given out. But neither in that chapter nor on the present occasion, does Muller 
seem to be aware of the contradiction which these views of cutaneous secretion 
offer to the purely chemical, I ought rather to say, physical theory of respiration, 
which he advocates in the text, as all sufficient for an explanation of the actual phe¬ 
nomena. Carbonic acid comes properly under the head of effete matters, the dis¬ 
charge of which, as an excretion, from the system, is brought about by secretion; 
and if it is eliminated through the skin as a secretion, can we refuse to the lungs 
a similar glandular office? This indeed is generally admitted for them, except 
by the pure chemical physiologists, in the case of water, as it unquestionably 
must be of mucus eliminated from the pulmonary mucous surface. In fine, since 
both the skin and the lungs give out carbonic acid, water, saline and animal 
substances, and since both are vital organs, it must be adverse to the laws of induc¬ 
tion to explain a part of the elimination (carbonic acid) from one organ, (the 
lungs,) by purely physical and chemical laws, and precisely an identical part 
from another organ, (the skin,) agreeably to vital laws or the process of secretion. 

Doctor J. Davy, (^Account of some Experiments on the Blood in Connection with the 
Theory of Respiration —read before the Royal Society, June 21, 1838,) in illustra¬ 
tion of what he believes to be the secreting power of the lungs, mentions the 
difference of effects in an instance of death by strangulation, and of another by 
exhaustion of air from the lungs by the air-pump. “A full grown Guinea-pig 
was the subject of experiment in each. The one killed by strangulation died in 
about a minute after a cord had been drawn tightly around its neck; the other, 
placed on the plate of the air-pump, and confined by a receiver just large enough 
to hold it, lived about five minutes after the exhaustion had been commenced, the 
pump the whole time having been worked rapidly. The bodies were immediately 
examined. The heart of the strangled animal was motionless; it was distended 
with dark blood; twelve measures of the blood, broken up and agitated with 
twenty more of carbonic acid gas, absorbed eighteen measures, or 150 per cent. 
The heart of the other Guinea-pig was also distended with blood, but of a less 
dark hue. Its auricles were feebly acting; the lungs were paler than in the former, 
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CHAPTER VI. 

OF THE RESPIRATORY MOVEMENTS AND THE RESPIRATORY NERVES. 

a. The movements of Respiration. 

In Mammalia generally, as well as in the human subject, inspira¬ 
tion and expiration are performed by the dilatation and contraction 
of the cavity of the thorax. As soon as the parietes of the thorax 
are drawn wider asunder and the thorax dilated, the external air 
rushes through the trachea and its branches into the air cells, dis¬ 
tending them in proportion to the dilatation of the thorax, thus 
keeping the surface of the lungs accurately in contact with the tho¬ 
racic parietes in all their movements. This can only take place, 
however, while the thoracic cavity is closed on all sides, so that the 
air cannot exert any pressure on the outer surface of the lungs, by 
which the pressure of the air entering by the trachea, on the inner 
surface, would be balanced. In cases of penetrating wounds of the 
thorax, the lungs cannot be fully distended by inspiration; because 
the counter-pressure of the air entering by the wound balances the 
pressure of the air on their inner surface; and the lungs in this case 
remain collapsed, although the thoracic parietes dilate. 

Inspiration .—The diaphragm contributes the principal share to 

and more collapsed; ten measures of blood from the heart, broken up and agitated 
with fifty of carbonic acid, absorbed thirty-seven measures, or 370 per cent.! 

“Farther, in illustration of this supposed secreting power of the lungs, I might 
(continues Dr. Davy) adduce the condition of the blood in disease, and in in¬ 
stances in which I have examined it after death from disease, in the majority of 
which I have found the blood loaded with carbonic acid, as indicated both by 
the disengagement of this gas, when the blood was agitated with another gas, 
and by the comparatively small proportion of carbonic acid which the blood was 
capable of absorbing. This condition of the blood, in relation to carbonic acid, 
I believe to be one of great interest and importance, and capable, when further 
investigated, of throwing light on many obscure parts of pathology, and especially 
on the immediate cause of death, and that happy absence of pain in dying which 
is commonly witnessed.” 

We shall probably make nearer approaches to the truth, by regarding respiration 
as a function of a mixed kind, or physico-vital, by which water and carbonic acid 
are exhaled or simply transpired, given out by exosmosis, and oxygen imbibed, 
passing in by endosmosis; but the rapidity and completeness of these processes 
will be greatly influenced by the organic properties of the pulmonary mucous tissue 
itself—just as in gastric digestion, although aliment be an indispensable excitant 
and support of the function, yet will the extent of change by chymosis depend not 
only on the amount of aliment ingested but on the vital activity of the gastric mu¬ 
cous surface itself. How far, in addition to the simple modification of the exhalation 
of carbonic acid and the introduction of oxygen by vitality, there is also a real secre¬ 
tion of the former gas, and absorption of the latter element, is yet to be determined. 
The distribution of red and black blood through the lungs by the bronchial and 
pulmonary arteries renders the question of gaseous secretion one of difficult solu¬ 
tion, as that of bile has been, owing to a similar double supply of red blood by the 
hepatic artery, and dark blood by the quasi artery or vena portae. 
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the dilatation of the chest during inspiration. In the state of relaxation 
the diaphragm is arched; by contracting it becomes more plane; and 
by this flattening of its arch the capacity of the thorax is increased, at 
the same time that the abdominal viscera are pressed upon from 
above, so as to produce the protrusion or apparent enlargement of 
the abdomen which is observed during inspiration. 

As soon as the diaphragm becomes relaxed, the abdominal viscera 
recede, and the abdomen again becomes flat. In a natural tranquil 
inspiration, the dilatation of the chest is effected almost wholly by 
the diaphragm. The lateral dilatation of the thorax is performed 
principally by the action of the intercostal muscles, assisted also by 
the scalenif the levatores costariim, the serratus posticus superior, 
and the thoracic muscles generally. 

Expiration, when perfectly tranquil, may be the result of the mere 
collapse or elastic reaction of the parts recovering their natural state 
after the active dilatations which they have undergone; and, in fact, 
tranquil respiration seems to consist, not so much in alternate actions 
of antagonising muscles, as in the periodic action of the muscles of 
inspiration solely. The elasticity of the lungs themselves, adds Dr. 
Baly, and the share which they have in producing expiration, have 
been particularly investigated by Dr. Carson of Liverpool. He made 
several experiments to determine the force exerted by the lungs by 
virtue of their elasticity in expelling the air after the act of inspiration 
had ceased. “ In calves, sheep, and large dogs, the resiliency of the 
lungs was found to be balanced by a column of water varying in 
height from one foot to a foot and a half; and in rabbits, by a column 
of water varying in height from six to ten inches.” [Phil. Trans. 
1820.) M. Bazin has recently (30, 1839,) 
drawn attention to a capsule of elastic tissue which invests the lungs 
externally, and sends prolongations inwards, forming the septa be¬ 
tween the different pulmonary lobules. In some animals this capsule 
is very strong and its elasticity very great. 

The muscles of expiration may assist by that passive kind of con¬ 
traction which all muscles possess in addition to their stronger con¬ 
tractile power. However this may be, expiration ensues sponta¬ 
neously, as soon as inspiration ceases. During a more forcible 
expiration, the expiratory muscles act more strongly, especially when 
any irritation is excited in the larynx or lungs, in which case they 
contract even spasmodically so as to produce cough. The muscles 
of expiration are the abdominal muscles, which draw down the ribs, 
and by compressing the abdomen force upwards the viscera against 
the relaxed diaphragm, and thus diminish the capacity of the thorax 
from below. These muscles are the recti, obliqui, and transversi 
abdominis, the quadratus lumborum, the musculus serratus pos¬ 
ticus inferior, the sacro-lumbdlis, and the longissimus dorsi. 

Expiration is assisted, first, by the elastic contraction of the air 
tubes after their distension by the air has ceased; secondly, by con¬ 
traction of muscular fibres of the air tubes. 

Motion of the larynx and fauces. —The glottis is dilated during 
inspiration, and contracted during expiration. The bronchial tubes 
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are also dilated during inspiration, and contracted during expiration. 
The air enters and is expelled either by the nose or the mouth. 
When the air is drawn in and expelled by the nostrils only, the pas¬ 
sage through the mouth is closed by the posterior part of the tongue 
being pressed aganist the palate; if respiration is performed by the 
mouth, the soft palate is elevated. By approximating the posterior 
palatine arches (by which means, as Bzondi* has discovered, the 
communication between the nostrils and lower part of the pharynx 
is completely closed), and by pressing the root of the tongue against 
the palate, the mouth, as well as the nostrils, can be completely cut 
oif from the air tubes. This movement is often performed volun¬ 
tarily, as in holding the breath, and in arresting the passage of un¬ 
pleasant odours through the nose.t 

Muscular contraction of the lungs and air tubes. —The hypo¬ 
thesis of the lungs themselves aiding in the movements of respiration, 
has from the earliest times been alternately adopted and rejected. 
Averroes, Riolan, Plater, Sennert, and Bremond {M^m. de VAcad. 
d. Sc. Par. 1739,) were in favour of it. Th. Bartholin, Diemer- 
hoeck, Mayow, and Haller, [Elementa Physiol, t, iii. 1. viii. p. 226,) 
were opposed to it. The former writers observed that, in animals 
of which the thorax was laid open during life, the lungs did not 
always collapse, but in some cases continued to move, although the 
muscles of the thorax could no longer act. More recently, Flormann 
and Rudolph! have defended this hypothesis. [Rudolphi, Anat. 
Physiol. Ahhandl. p. 111.) In a dog which was drowned, the 
lungs appeared to Flormann to continue to move even after the dia¬ 
phragm had been divided; and Rudolph! saw the lungs of a dog 
which had been strangled continue to move even after the sternum 
had been removed, and the diaphragm and intercostal muscles 

* Ueber die Functionen des weichen Gaumens. Halle, 1831. See also Mr. 
Hilton’s observations on the functions of the soft palate and pharynx in No. iii. of 
the Guy’s Hospital reports. 

I In birds the air during inspiration enters not merely the lungs, but also the 
great air cells. Birds have no perfect diaphragm; a few muscular bands arising 
from the posterior angles of the third, fourth, and fifth rib pass upwards to be at¬ 
tached to a fibrous membrane at the under surface of the lungs. The dilatation of 
the thorax produces dilatation of large intervisceral cells which communicate with 
the lungs, and the air is thus drawn into the lungs, through which it must pass to 
reach these cells. The air is expelled again from these cells, and from the lungs, 
by the action of the abdominal muscles. In the Chelonian reptiles the ribs are 
immovable, and the Amphibia—Cceciliae, Derotremata, Proteida, and Batrachia 
—have no true ribs; in these animals, consequently, the air is taken in by move¬ 
ments of deglutition. Frogs, having closed the opening of the mouth, dilate the 
cavity of the mouth and throat so as to draw in the air by the nostrils; then closing 
the internal apertures of the nostrils by a peculiar mechanism, and the pharynx at 
the same time, they contract the cavities of the mouth and throat so as to force the 
air through the glottis into the lungs. The air is expelled partly by the action of 
the abdominal muscles, and partly by the elasticity of the lungs, the glottis being 
opened. In the tortoise and turtle the expiration is performed by the contraction 
of the abdominal muscles between the lower shield or plastron and the posterior 
extremities. The reptiles which have movable ribs respire by enlarging and 
diminishing the capacity of their trunk by means of their ribs. For the mechanism 
of the respiration in fishes, consult Cuvier’s Lepons d’Anat. Comp. 
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divided. Such movements have been attributed to shocks commu¬ 
nicated from the thoracic parietes; they might also arise from con¬ 
tractions of the heart or of the pulmonary veins. Haller never saw 
these motions of the lungs; in his experiments the lungs always col¬ 
lapsed perfectly when the thorax was completely opened: the result 
of my experience is the same, and I conjecture that Flormann and 
Rudolph! must have been deceived. The farther consideration of 
this controversy is merely of historical interest; arguments and coun¬ 
ter-arguments are repeatedly brought forward, and the inquirer is at 
last left to the testimony of his own eyes, which in my case is op¬ 
posed to the hypothesis. Motions were observed by Tiedemann in 
the respiratory organ of the Holothuria. Treviranus relates that he 
has seen motion excited in the lungs of the frog by the application 
of tincture of opium and extract of belladonna. I do not know 
v/hether the celebrated author of the “Biologie’^ attributes much 
importance to this observation. Frogs fill their lungs with air from 
their throat, and the air escapes on the glottis and nostrils being 
opened. If the glottis is opened, the lungs become permanently col¬ 
lapsed, and no contractions can be excited in them. (Consult, on this 
subject, Lund, Vivisectiojien, pp. 240—243.) 

The contractile power of the trachea and its branches is, however, 
less equivocal. It might be supposed that the bronchi contributed 
to produce the motions observed by Houstoun, Bremond, Flormann, 
and Rudolphi. It is, however, still matter of doubt whether the 
muscular fibres of the trachea produce any rhythmic motions of 
contraction and dilatation. The transverse muscular fibres on the 
posterior surface of the trachea are well known. Muscular fibres 
are also described as existing on the smaller bronchi. Reisseissen 
{De fabrica Pulmon. Berol. 1822, fol.) has contributed most to 
draw attention to these fibres. He says that by means of a lens he 
has recognised muscular fibres on bronchi so small that their cartila¬ 
ginous plates could no longer be seen. 

It is remarkable that there exists at present no direct proof of the 
contractility of the muscular fibres of the trachea and its branches. 
All the ducts of glands possess true muscular contractility; they have 
the power of involuntary motion. (See section on Secretion.) But 
contractions of the fibres of the trachea have hitherto been observed 
only by Krimer. ( Untersuchungen uber die ndchste Ursache des 
Hustens. Leipz. 1819.) Wedemeyer applied mechanical stimuli 
and galvanism to the whole circumference of the trachea in a dog 
and a hedge-hog, both with and without previous division of the 
mucous membrane, but could perceive no contractions produced; 
while bronchi of three-fourths of a line to a line in diameter con¬ 
tracted gradually until their cavity was nearly obliterated. Wede¬ 
meyer laid bare the trachea in a living dog, and freed it from cellular 
tissue for the space of two inches; he then cut out a portion in front, 
and irritated the posterior wall of the trachea mechanically and by 
galvanism, but could not produce the slightest contraction. Wede¬ 
meyer now opened the thorax quickly, and removed the lungs with 
their bronchi. He made several sections of the larger bronchi, but 
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could discover no sign of contractility in them. On applying gal¬ 
vanism, however, to the smaller branches of about one line in 
diameter, he thought that he saw them undergo a distinct constric¬ 
tion, but it took place very slowly. The last phenomenon had been 
before observed by Varnier. It is probable, therefore, that the 
bronchial tubes and trachea do not contract and dilate rhythmically 
during the movements of respiration. Had they this power, it would 
be quite an isolated fact; for although the hepatic duct presents 
rhythmic contractions, they are quite independent of volition; while, 
if the bronchi contracted and dilated synchronously with the other 
respiratory movements, their action, like that of the other parts en¬ 
gaged in respiration, must also be subject to the will, and it is highly 
improbable that the branches of the efferent tube of an internal vis- 
cus would be thus under the influence of the will. It is possible that 
the fibres of bronchi may possess a contractile power which is con¬ 
stantly in action, and which may effect the contraction of the tubes 
on the cessation of the act of inspiration; but mere elasticity would 
be sufficient for this purpose. 

In man the dilatation of the bronchi during inspiration, and the 
shortening of the trachea during inspiration, and its lengthening 
during expiration, which some physiologists have observed, seem to 
be merely the mechanical results of the dilatation and contraction of 
the thorax; the larynx itself descends a little during violent inspira¬ 
tion, and ascends again during expiration,* 

h. Of the influence of the nerves on the function of respiration. 

The source of the nervous influence on ivhich the different respi¬ 
ratory movements depend^ is one and the same, although the nerves 
implicated in these movements are various. 

The respiratory movements are: 1st. Movements in the face, which, 
however, are but seldom exerted in rhythmic order; such are the 
elevation and depression of the alse of the nose, and the straining of 
several muscles of the face during respiration. These movements 
are observed in violent involuntary acts of respiration, and even in 
a state of great debility; they are under the influence of the portio 
dura,ot facial nerve, which Sir C. Bell calls the respiratory nerve of 
the face. 2d. Dilatation of the glottis during inspiration, and its 
contraction during expiration. This motion is wholly subject to the 
action of the two laryngeal branches of the nervus vagus, the nervus 
laryngeus superior et m. 1. inferior seu recurrens. 3d. Lateral 

* Birds have certainly the power of shortening their trachea by means of par¬ 
ticular muscles, the musculi sterno-tracheales and ypsilo-tracheales; and in many 
birds there are several muscles at the inferior larynx at the division of the trachea, 
for the purpose of producing their song. It is a very interesting fact, that the for¬ 
mer muscles are supplied with a special nerve, a second descending branch of the 
ninth nerve, which descends nearly as far as the inferior larynx, and (in the tur¬ 
key) supplies the sterno and ypsilo-tracheal muscles; while the recurrent nerve, 
destined chiefly for the oesophagus, gives a proportionally short branch to the 
trachea. I have hitherto had no opportunity of ascertaining the correctness of the 
assertion of Desmoulin, that the inferior larynx is supplied from the inferior cervi¬ 
cal nerves. 
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dilatation of the thorax during inspiration, effected through the 
agency of the spinal nerves, the respiratory external nerve of Bell, 
and the accessory nerve of Willis, which supplies the tYapezius with 
nervous influence for the elevation of the shoulder. 4th. Contrac¬ 
tion of the diaphragm in the act of inspiration,—dependent on the 
phrenic nerve. 5th, and lastly. Contraction of the abdominal muscles 
in expiration,—through the influence of spinal nerves. The respira¬ 
tory nerves, then, are the portio dura of the seventh, the nervus 
vagus, accessory nerve, and many spinal nerves distributed to the 
muscles of the trunk. 

Each of these nerves has its own sphere of action, and one of them 
may be deprived of its function without the others being affected. 
The division of any one of them puts a stop to that set of move¬ 
ments which depend upon its influence; but destruction of the me¬ 
dulla oblongata annihilates all the respiratory movements, and the 
action of all those nerves which arise from the spinal cord. The 
medulla oblongata is the source from which the nervous influence 
for the respiratory motions is derived; and the spinal cord is, as it 
were, the trunk of the nerves which arise from it. If the spinal cord 
is divided above the point where the dorsal nerves are given otf, the 
motions of the ribs and abdominal muscles are paralysed, while the 
other respiratory movements continue. If the spinal cord is cut 
through above the origin of the phrenic nerves, the diaphragm is 
paralysed, while the nerves given off from the medulla oblongata 
itself still continue to exert their function. The nerves coming oflf 
from the spinal cord below the lesion, are still capable of exciting 
motions when irritated singly, but they can no longer receive the 
motor influence from the common source of all the simultaneous, 
voluntary and involuntary, movements of respiration. Injury of the 
medulla oblongata puts an end immediately to all the respiratory 
motions,—as well to those dependent on the nervus vagus as to those 
of the trunk, which are dependent on spinal nerves. 

Legallois pointed out this connection between the medulla oblon¬ 
gata and respiration; he proved that no other parts of the brain are 
the source of the respiratory movements, and that the brain of an 
animal may be removed piece by piece from before backwards, 
until, on wounding the medulla oblongata at a point corresponding 
to the origin of the vagus nerve, all respiratory movements at once 
cease. Hence the medulla oblongata is the most mortal part of the 
body; lesion of it is, at least, followed by more dangerous conse¬ 
quences than that of any other part of the nervous system. 

Lesion of the nervus vagus in the neck paralyses the branches 
arising below the injury, and therefore the nervus recurrens. The 
consequences are loss of voice, and difficulty in dilating the rima 
glottidis. The voice returns, however, in a few days, because the 
muscles of the larynx are supplied in common by the superior and 
inferior laryngeal nerves. If the superior and inferior laryngeal 
nerves of both sides are divided, the larynx is quite paralysed. 
Magendie’s assertion, that the nervus laryngeus inferior supplies 
only those muscles which dilate the glottis, and the nervus laryngeus 
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superior those which contract it, is not confirmed by the investiga¬ 
tions of Schlemm and others; both nerves are distributed to both 
sets of muscles. If there is any difference in the functions of the two 
nerves, it can arise merely from the recurrent nerve being in its re¬ 
markable course connected with the sympathetic nerve and cardiac 
plexus, and thus having, in addition to the voluntary motor fibres of 
the vagus, also fibres from the sympathetic system. It is not known 
whether the recurrent nerve gives the power of voluntary contrac¬ 
tion to the muscles of the larynx. Other deep branches of the vagus 
which have many connections with the sympathetic nerve, such as 
the oesophageal and gastric branches, are no longer capable of ex¬ 
citing voluntary motion. 

'Sir C. Bell’s views regarding the respiratory nerves may very 
properly be explained here.—The aspect of a man in a state of ex¬ 
cited action is sufficient to prove that the movements connedted with 
the function of respiration extend over almost the whole body; they 
are observable in the abdomen, chest, neck, and face. The respira¬ 
tory nerves belong to a two-fold system. To the system of spinal 
nerves, with two roots,—a sensitive posterior root provided with a 
ganglion, and a motor or anterior which has no ganglion,—compre¬ 
hending all the spinal nerves and the nervus trigeminus or fifth 
pair,—belong those respiratory nerves arising from the spinal cord 
which serve for the motion of the thoracic and abdominal muscles. 
The second system of nerves which furnishes respiratory nerves, 
consists of those which arise by but one kind of root; the respiratory 
nerves of this system are the facial nerve and the vagus and the 
accessory nerve of Willis. Bell supposes that a special set of fibres in 
the medulla oblongata and spinal cord is the source of the influence 
which gives rise to the simultaneous and harmonious action of the 
respiratory nerves of both kinds. All the respiratory nerves serve 
also as the principal nervous agents in the expression of the passions. 
A great portion of the spinal nerves concur to produce the move¬ 
ments of respiration; but Bell distinguishes the following as the 
special respiratory nerves for particular regions:— 

1st. The nervus vagus, —the respiratory nerve of the larynx. 

2d. Nervus facialis [portio-dura), —respiratory nerve of the face. 
The respiratory action of this nerve is more evident in proportion as 
respiration is more laboured; for instance, during great muscular 
exertion, and in feeble debilitated persons. The elevation and de¬ 
pression of the alas of the nose and the straining of the muscles of 
the face, in this laboured respiration, are dependent on the influence 
of the facial nerve. If this nerve is divided, the sympathy of the 
countenance with the respiratory organs, and the expression of the 
passions, are lost. In brutes, the development of the facial nerve is 
proportionate to the degree in which the passions are expressed by 
movements of their face. 

3d. The superior respiratory nerve of the trunk,— nervus accesso¬ 
rius Willisii, —is distinguished by its remarkable course. It arises 
by a simple root between the double roots of the spinal nerves at the 
upper part of the spinal cord; ascends, receiving other fibres from 
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the medulla oblongata, into the cavity of the cranium; and issues 
from it again as a single nervous cord. It gives a portion of its 
fibres to the vagus, and directs the action of the trapezius when it 
co-operates in the respiratory movements, by elevating the shoulder 
so as to free the thorax from its weight. If the nervus accessorius 
is divided in a living animal, the action of the trapezius in respiration 
ceases; but it still retains its power of voluntary motion by virtue of 
the branches of spinal nerves distributed to it. 

4th. The great internal respiratory nerve, —nervus phrenicus, or 
diaphragmatic nerve. 

To the posterior thoracic nerve Bell attaches too much importance. 

The source whence all the nerves above enumerated derive their 
nervous influence is, as we have seen, the medulla oblongata. Lesion 
of that part of the nervous centres puts a stop to the respiratory 
movements, while, according to Bell, if the spinal marrow is divided 
at the fifth cervical vertebra, the phrenic nerve not being implicated 
in the injury, respiration is still carried on by the agency of the 
phrenic, accessory and external respiratory nerves; expiration being 
performed by the mere elasticity of the thoracic and abdominal 
parietes; and a new-born child, according to Bell, continues to breathe 
when nearly the whole brain is destroyed, if the medulla oblongata 
is uninjured.* 

Sympathetic affections of the respiratory muscles .—I have 
already mentioned that the whole system of nerves engaged in the 
respiratory movements serve likewise for the expression of the pas¬ 
sions. They are also affected partially, or all simultaneously, in 
many other cases. Nervous affections, which take the form of 
asthma, afford an example of convulsive action of the whole system 
of respiratory nerves. But a fact not noticed by Bell, which never¬ 
theless appears to me to throw such light on many phenomena, is, 
that local irritation of any part provided with mucous membrane is 
adequate to excite the respiratory system of nerves to morbid action, 
so as to produce convulsive motions. Irritation of the mucous 
membrane of the nose produces sneezing; irritation in the pharynx, 
oesophagus, stomach, or intestines, excites the concurrence of the 
respiratory movements to produce vomiting; violent irritation in the 
rectum, bladder, or uterus, gives rise to a concurrent action of the 
respiratory muscles so as to effect the involuntary expulsion of the 
faeces, urine, or foetus. Irritation of the mucous membrane of the 
larynx, trachea, or lungs, or even itching from irritation in the Eu¬ 
stachian tube, excites coughing. 

All these acts,—coughing, vomiting, spasmodic involuntary expul¬ 
sion of the faeces, and involuntary discharge of urine, are effected 
with the aid of the respiratory movements. The first action of the 
local irritation affecting the inner coats of the viscera, is upon the 
branches of the sympathetic nerve distributed to them; and in the 
stomach, oesophagus, pharynx, larynx, and lungs, upon the branches 

* Sir C. Bell on the Nervous System.—Phys. Pathol. Untersuch. des Nerven- 
systems, iibersetz von M. H. Romberg, Berlin, 1832, pp. 126-338. See also 
Muller’s Archiv, 1834, 168. 
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of the nervus vagus also; in the nostrils upon the branches of the 
nervus trigeminus or fifth pair. From these nerves the irritation is 
transmitted to the medulla oblongata and the spinal cord, from which 
is derived the nervous influence for the groups of respiratory muscles 
which perform the acts of vomiting, coughing, sneezing, &c. Irrita¬ 
tion of the nasal branches of the fifth nerve produces sneezing, even 
when the irritation affects them indirectly; for instance, when the 
stimulus of the sun’s light acts first on the optic nerve, and through 
the medium of it on the brain, a secondary excitement is sometimes 
communicated to the nasal, and at the same time to the respiratory 
nerves. Like many other persons, I sneeze whenever the bright 
light of the sun falls on my eyes. Irritation of the vagus in the 
larynx, trachea, or lungs, excites coughing; irritation of the pharyn¬ 
geal branch of the nervus vagus, and of the glosso-pharyngeal nerve, 
in the pharynx, or of the vagus in the stomach, excites vomiting. 
We will now consider, separately, each of these groups of respiratory 
movements. 

Each individual respiratory movement can be performed singly,— 
sometimes, however, several are combined,—giving rise to compli¬ 
cated movements which are not observed in ordinary respiration. 

Contraction of the diaphragm takes place at the same time with 
the movements of expiration, either voluntarily or involuntarily, in the 
act of forcible expulsion of a substance from some part of the abdomi¬ 
nal cavity; voluntarily in the discharge offseces and urine; involun¬ 
tarily in vomiting, in labour, and in the involuntary discharge of 
fseces or urine after they have been too long retained. The pharynx, 
stomach, rectum, bladder, and uterus have all such a connection 
with the cerebral and spinal nerves, that irritation of any one of the 
parts mentioned, excites contraction, not merely of them, but also of 
the abdominal muscles and diaphragm, so as to cause the expulsion 
of the irritating body either upwards or downwards. This results 
from the reflection of the irritation from the branches of the nervus 
vagus, in the pharynx and stomach, on the brain, and from the sym¬ 
pathetic nerves of the stomach upon the sympathetic system, and 
upon the brain and spinal marrow; and in the instances of the rec¬ 
tum, uterus, and bladder, from the irritation of the nerves of those 
parts, which are derived partly from the sympathetic system and 
partly from the sacral nerves, being communicated to the spinal cord. 
In all these movements, of which the object is the expulsion of a 
body upwards or downwards, the glottis is closed for a time. 

I have observed a circumstance which is very instructive with 
reference to the mode of production of vomiting. If the abdomen of a 
rabbit is opened, and the left splanchnic nerve laid bare on the inner 
side of. the suprarenal capsules, and irritated with a needle, a con¬ 
traction of the abdominal muscles often takes place. In the dog I 
have not found the same to be the case. 

The act of coughing arises from the irritation of the nervus vagus 
in the larynx, trachea, and lungs being communicated to the medulla 
oblongata. The medulla oblongata then excites to action the muscles 
which produce contraction of the glottis, and at the same time gives 
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rise to spasmodic actions of the expiratory muscles of the thorax and 
abdomen; during each act of expiration the glottis is partly opened, 
and a loud noise produced. The diaphragm has nothing to do with 
the act of coughing, except that sometimes, before coughing, a deeper 
inspiration is taken. Krimer (Untersuchungen uber den Hnsten) 
and Brachet state that after the nervus vagus has been divided on 
both sides, coughing cannot be again excited in an animal by irrita¬ 
tion, however violent, of the inner surface of the trachea.* While 
division of the sympathetic nerve is said by Krimer not to have the 
same effect. 

We have the power of cutting off the entrance into the larynx 
from the nose and mouth, not merely by closing the glottis, but also, 
as was discovered by Dzondi, by a muscular action in the fauces 
themselves. It consists in bringing the posterior arches of the palate 
in contact from opposite sides, and in pressing the posterior part of 
the tongue against the inclined plane thus formed. This movement 
always precedes sneezing, which is a sudden and violent contraction 
of the muscles of expiration, the air passages having been previously 
closed at the fauces. At the moment of the violent expiration, the 
passage by the mouth and the nasal canal are suddenly opened 
simultaneously, or the nasal canal alone. The diaphragm, which so 
many ancient and modern authors, misled by a popular error, be¬ 
lieved to contribute to the act of sneezing, has in reality nothing to 
do with it. The diaphragm is not an expiratory muscle; it only acts 
in producing the deep inspiration which precedes the sneezing. Ex¬ 
tensive sympathies, which appear to be quite unnecessary, have 
been imagined to explain the act of sneezing, from the false notion 
that it is produced by the diaphragm; the irritation of the nasal nerves 
was supposed to be communicated to the deep branch of the vidian 
and to the sympathetic; and thence to the cervical nerves and nervus 
phrenicus. Even Arnold still speaks of such a chain of sympathy. 
Since the expiratory muscles, and not the diaphragm, effect the act 
of sneezing, the fauces and posterior nares being first closed, the 
most simple view to be taken of the matter is, to consider the me¬ 
dulla oblongata itself as the medium of communication between the 
nasal branches of the fifth nerve and the expiratory muscles and 
muscles of the soft palate, just as the sympathetic motions of the iris 
are excited by the stimulus of light, through the intervention of the 
brain. 

The sympathy of a great part of the nervous system with local 
irritations through the medium of the brain and spinal marrow are 
very well illustrated by the symptoms observed in an animal under 

♦ In some experiments performed by Dr. J. Reid also, the sensibility of the 
mucous membrane of the trachea and bronchi was much blunted after the division 
of the vagi. But in four dogs which lived beyond the fourth day after the divi¬ 
sion of the vagi—and in three of which the recurrent nerves were also divided,— 
frequent cough, or at least forcible expirations, which could not be distinguished 
from a cough, were observed. This might have been dependent on irritation of 
the upper part of the cut nerves; but when examined after death, they presented 
no marks of high inflammation.—(Dr. Reid, Edin. Med. and Surg. Journal, April, 
1839, also Jim, Edit. Reid on the Nerves.) 
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the influence of a narcotic poison, when a slight touch of the skin 
prod uces general tetanic spasms. 

Yawning consists of a deep and slow inspiration, and expiration 
with simultaneous action of the respiratory muscles of the face. The 
mouth is at the same time opened wide; a movement which, like those 
of the facial muscles, is also under the influence of the facial nerve, 
being effected by means of the digastricus. Yawning occurs generally 
after fatigue, and is especially frequent and easily excited in persons 
of irritable and debilitated nervous system; also during the state of 
drowsiness, and at the commencement of fever. The supposition 
that it arises from some obstruction in the pulmonary circulation, ap¬ 
pears to me to be quite incorrect. Laughing and crying are also 
attended with affections of the respiratory nerves of the face and 
trunk. 

Hiccough is really an aflfection of the diaphragm,—an abrupt in¬ 
spiration performed by the diaphragm alone, which sometimes con¬ 
tracts while the glottis is closed. It arises most frequently from some 
pressure on the pharynx or oesophagus, in consequence of swallow¬ 
ing too large morsels, or of swallowing too quickly in succession, but 
is also a frequent symptom of affections of the nervous system. 
Krimer asserts that hiccough can be induced in brutes by irritating 
and compressing the cardiac orifice of the stomach. 

All the respiratory movements are performed involuntarily, and 
are nevertheless to a certain extent subject to the will; they are car¬ 
ried on in a constant and regular succession during sleep, and at other 
times, without our consciousness; they frequently consist merely of 
periodic inspirations, in the intervals of which the parts return to their 
former state by virtue of their elasticity; frequently also there are 
alternate muscular actions of inspiration and expiration. If the 
structure of the lungs is in part destroyed or loaded with blood, a 
much less quantity of the fluid can be aerated in a given time, and the 
respiratory movements are then proportionally quicker. The move¬ 
ments of respiration are so far subject to the will, that we can, though 
only in a certain degree, regulate the commencement of each inspi¬ 
ration,—can shorten, prolong, or delay it,—and can limit the respi¬ 
ratory movements to single groups of the respiratory muscles; thus, 
for example, we can inspire with the diaphragm only, or with the 
ribs only, or with both at the same time. This voluntary influence 
is exerted in the same manner as in the case of almost all motions 
which are dependent on the function of the cerebral and spinal 
nerves; and the power of exerting it is preserved as long as the cor¬ 
responding nerves are still in connection with the brain and spinal 
cord. 

The regular succession of the involuntary respiratory move¬ 
ments is very remarkable and difficult of explanation. We have 
seen that the continuance of the respiratory movements is dependent 
on the integrity of the medulla oblongata. How that part of the 
nervous centres acts, in determining their rhythm, and the cause of 
the first respiration in the new-born child, will be considered in a 
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subsequent part of this volume, under the head of the automatic 
movements. 

Effects of division of the nervi vagi. —A consideration of all the 
different results obtained by the various observers, {Legallois, Du- 
puytren^ Blainville, Dumas, Ernmert, V. Pommer, %drne7nann, 
Provencal and Mayer^ leads to the inference that death, after tying 
or dividing the nervus vagus, arises from the concurrence of different 
circumstances, which at last produce suffocation. They are the fol¬ 
lowing:—1. Incomplete paralysis of the muscles of the glottis. 2. 
Exudations in the lungs. 3. Change in the chemical process going 
on in the lungs. 4. Coagulation of the blood in the vessels, as ob¬ 
served by Mayer. 

It appears, adds Dr. Baly, from Dr. J. Reid’s observations, {loc. 
citat.) that section of the vagi nerves is not always fatal by pro¬ 
ducing morbid changes in the lungs; in two out of seventeen dogs 
experimented upon, the lungs were found perfectly healthy. One of 
these dogs died after the completion of the eighth day, apparently 
from inanition; the other was killed after the twelfth day, when ap¬ 
parently in perfect health. Dr. Reid shows that the effusion into 
the bronchi is not the cause of the laboured respiration in animals of 
which the vagi nerves have been divided, but its indirect effect. In 
several experiments it was absent, or existed only in a trifling de¬ 
gree. Congestion of the blood-vessels seemed to be the first stage 
of the morbid changes in the lungs. The diminished frequency of 
the respiration is regarded by Dr. Reid as the cause of this conges¬ 
tion. In opposition to the observations of Magendie, Wilson Philip, 
and Swan, Dr. Reid states that lesion of one pneumogastric nerve 
does not induce disease of the corresponding lung; in seventeen ani¬ 
mals, in which he had removed a portion of one vagus, and which 
were allowed to live from twenty-four hours to six months, he could 
detect no morbid change in the lungs, which he could attribute to 
the operation. This renders it very improbable that section of both 
vagi affects the lungs, by suspending some direct influence of those 
nerves upon them, and rather favours Dr. Reid’s opinion as to the 
mode in which the operation affects those organs, since lesion of one 
vagus diminishes very slightly the frequency of the respirations. 
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SECTION I. 

OF DIGESTION, CHYLIFICATION, AND THE EXCRETION OP THE DECOM¬ 
POSED EFFETE MATTERS. 

CHAPTER I. 

0/* Digestion in General. 

The food of animals consists of animal and vegetable substances. 
Some animals live solely on the former class of substances, others on 
the latter; others, again, amongst which is man, have a mixed diet, 
consisting of both animal and vegetable matters. Man is supported 
as well by food constituted wholly of animal substances as by that 
which is formed entirely of vegetable matters; and the structure of 
his teeth, as well as experience, seems to point out that he is destined 
for a mixed kind of aliment. 

Both the vegetable and animal articles of diet contain the more 
common salts, which, being essential components of the animal sys¬ 
tem, may in a certain point of view be regarded as nutriment. But 
no animal can subsist on mineral substances alone; though from 
necessity, or from prejudice, for the purpose of filling the stomach, 
earth, either alone or mixed with organic matters, is sometimes 
swallowed by human beings,—for instance, by the Ottomaks and 
Guamos in Oronoco, and by the inhabitants of New Caledonia. 
Vauquelin could detect no nutritious matter in the steatite which is 
eaten by the inhabitants of New Caledonia.* The earth, which, on 
account of famine, was, in the year 1832, in the parish of Degerna, 
on the borders of Lapland, mixed with flour and the bark of trees, 
and baked so as to form a kind of bread, consisted of siliceous earth 
mixed with organic particles. [Poggendorf’s Ann. B. xxix. p. 261.) 
This mineral flour was found by Retzius to consist of the fossil re¬ 
mains of nineteen different forms of infusoria. 

All substances from the animal and vegetable kingdoms appear to 
afford nutriment, provided that they are easily soluble in the animal 
fluids, contain no combination of elements too unlike that of the ani¬ 
mal matters of the being which they ought to nourish, possess no 
remarkable chemical properties, and have no tendency to enter into 
binary combinations at the expense of the organic components of 
the living body. Substances which have such a tendency, which 
are of heterogeneous composition, or have peculiar chemical proper¬ 
ties, are either medicinal substances, or, in a relative sense, poisons. 
I am much inclined to believe that even the peculiar effects of the 
narcotic poisons which produce no evident material change in the 
system, and do not essentially excite inflammation, arise from the 

* See Humboldt’s Reise in den Eqiiinoct. Gegend. iv. p. 557. Travels in the 
Equinoctial Regions of the New Continent, translated.—Rndolphi’s Physiol, ii. 18. 
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heterogeneous and peculiar chemical substances which they contain 
causing decomposition and the formation of binary compounds in 
the animal matter of the body. This opinion appears to me to 
be rendered probable by the fact that the substances to which 
we allude contain vegetable alkaloids, and that, according to the 
observation of Fontana, the most active narcotic poisons—the poison 
of the viper and the ticunas,—exert a chemical action on animal 
substances, the effect of which has been particularly observed in 
the blood.* The term “ poison” is to be taken in quite a relative 
sense. The poison of serpents when introduced into the blood pro¬ 
duces decomposition of the animal fluids; but, when taken into the 
stomach, it is rendered innocuous, being, decomposed, as it would 
seem, in the alimentary canal. The poison of the viper exerts its 
noxious influence very slowly likewise, when applied to wounds in 
the lower vertebrata, particularly in the amphibia—as frogs,—and 
in the blind-worm; to serpents, it would appear to be innocuous. 
Most narcotic poisons, however, are, in large doses, poisonous even to 
the lower animals. Prussic acid is as destructive to leeches as to the 
human subject; opium and mix vomica appear to be poisonous to 
all animals, with the exception of the bird, Buceros rhinoceros, which 
is said to feed on the nuts of the strychnos. 

The most simple nutritive substances from the vegetable kingdom 
are, 

1. The acid juices of many plants and fruits. 

2. Starch (amylum)—in the seeds of the grasses and leguminous 
plants, in the tubera of the potato, in sago, and in lichen Islandicus. 

3. Vegetable mucilage—in roots and seeds, and in the form of 
the different gums. It differs from animal mucus in being soluble 
in water. 

4. Sugar—in the juices of many plants, and of their fruits. 

5. Fatty, or fixed vegetable oils—in seeds and some tuberous 
roots. 

6. Vegetable albumen—in the milky juices of vegetables, in the 
milk of the milk-tree, brosimum galactodendron, {Don in Ed. N. 
Phil. Journ. 1829, Oct. Dec.) and in seeds which yield emulsions 
by trituration. 

7. Gluten—generally combined with albumen in the different 
kinds of grain and other seeds, also in sweet fruits. 

8. Fungin—in the fungi. 

Many other substances,—the spirituous and aromatic substances, 
for example—merely stimulate the digestive organs, and do not 
afford nourishment. The woody fibre, the investments of seeds, 
most resins, colouring and extractive matters, hairs, feathers, horn, 
claws, scales, the external skeleton of insects, and all horny sub¬ 
stances generally, are indigestible. 

The principal nutritive principles derived from the animal king¬ 
dom are, 

* See page 143. For an account of the vegetable poisons, consult Christison 
and others on Toxicology; on animal poisons, see Rudolphi, loc. citat. 
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1. Gelatin—in the tendons, bones, cartilages, the skin, the cellular 
tissue, and especially in very young animals. 

2. Albumen—principally in the ova, in the brain and nerves, in 
the blood, &c. 

3. Fibrin—in muscular substance, and in the blood. 

4. Animal oil and fat. (For an account of the properties of these 
principles, see Book I, Sect. 1, p. 97—105.) 

5. Casein—in milk, with animal fat (butter), and in cheese.* 

Nutritive principle of food. —The end and object of digestion 

are,^r5^, the solution of the food, since nothing can be taken up by 
the absorbent vessels which is not in solution; and, secondly, the 
reduction of the different ingredients of the food above enumerated 
into the most simple material of the animal processes, namely, albu¬ 
men, which is found to be contained in the fluid resulting from the 
digestion of the food, partly in the state of solution, and partly in 
globules. To effect these changes, something more than mechanical 
division is required; chemical influences,—digestive fluids,—are es¬ 
sential. Those substances, then, are most easy of digestion, and 
most nutritious, which are most easily soluble and most readily 
converted into albumen, or which themselves contain albumen; and 
hence we see that the yolk of the egg, being a concentrated solution 
of albumen (with oil), forms for the embryo a nutriment which is 
assimilated immediately without any previous digestion. Every¬ 
thing, on the other hand, is indigestible, which, either like woody 
fibre and the skin of fruits, can afford no nutriment, on account of 
its insoluble nature, or itself exerts a chemical action so as to call 
into play the tendency of the elements of the organic matter to form 
binary compounds, a tendency which had been previously counter¬ 
balanced by the organic force. A distinction must be made also 
between substances easy of digestion and nutritious substances. A 
substance may, by reason of its solubility, be in that sense easy of 
digestion, and yet afford little nourishment, its composition being 
such that it is with difficulty converted into albumen. Other sub¬ 
stances, which, when once dissolved, are very nutritious, may, on 
the other hand, be difficult of solution, and thus indigestible for weak 
digestive powers. Good food, therefore, must not only be easy of 
solution, but also nutritious in its nature. The farther a substance 
is removed in its composition from that of albumen the less nutritious 
will it be, and the greater expenditure of the digestive powers is 
required for its conversion into chyle. 

If digestion consisted merely in the solution of the food, and if all 
articles of diet contained a certain quantity of one and the same nu¬ 
triment, for which no further chemical change was required, the 
quality of any article of food might be determined by ascertaining 
its degree of solubility, the quantity of nutriment which it contained, 
and the degree of difficulty attending the extraction of this nutriment 

* A full account of all the substances used as food, is contained in the third 
volume of Tiedemann’s Physiologic. Darmstadt, 1836. See also on this subject, 
as well as on the dietetic regimen of the people in different countries. Regimen and 
Longevity, by John Bell, M. D. Philadelphia, 1843. 
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from the other ingredients of the substance. The dogma of Hippo¬ 
crates that there are different kinds of food, and but one kind of nu¬ 
triment {alimentum)^ is founded on this incorrect conception of the 
nature of nutriment. Some of the substances which are taken as 
food, and which must be concerted into albumen,—for instance, 
vegetable substances,—contain no albumen before they are digested. 
« Aliraentum,^’ in the sense in which the term is used by Hippocrates, 
is therefore the product of digestion; to afford which, those substances 
that differ in their composition from albumen require to undergo in 
the stomach a chemical change. 

^zotized and unazotized aliments.-r-M.. Magendie has pointed 
out* an important distinction which may be made in the alimentary 
substances, between those which contain nitrogen and those in which 
it constitutes little or no part. 

The substances which contain little or no nitrogen are the saccha¬ 
rine and acid fruits, oils, fats, butter, mucilaginous vegetables, refined 
sugar, starch, gum, vegetable mucus, and vegetable gelatin. The 
different kinds of corn, rice, and potatoes, are aliments of the same 
kind. The azotized aliments are vegetable albumen, gluten, fungin, 
and some matters met with in different plants, which resemble osma- 
zome: these azotized vegetable principles are met with principally 
in the seeds of the grasses, and in the stems and leaves of the grasses 
and herbs, the seeds of leguminous plants—lentils, peas, and beans; 
and almonds and nuts also contain them. Of the animal substances 
which contain nitrogen the chief are gelatin, albumen, fibrin, and 
casein. Most animal substances, with the exception of fat, contain 
more or less nitrogen. Some writers have supposed that respi¬ 
ration, is the source whence the nitrogen of the animal body is 
derived, while others have imagined that it is generated from other 
elements. The instance of the herbivorous animals which feed on 
substances that contain little or no nitrogen, and that of the negroes, 
who live for a long time on a diet consisting entirely of sugar, have 
been adduced in support of these opinions. M. Magendie, however, 
observes that almost all the vegetables which afford nourishment to 
animals and man contain more or less nitrogen, that this element 
enters in pretty large quantity into the composition of impure sugar, 
and lastly, that the nations which feed on rice, maize, or potatoes, 
take also milk or cheese. 

Very valuable experiments have been instituted by M. Magendie 
to determine the degree of nutritive property possessed by substances 
which contain no nitrogen,—for example, by food consisting wholly 
of sugar and distilled water. The experiments were performed on 
dogs. During the first seven or eight days the animals were brisk 
and active, and took their food and drink as usual; but in the course 
of the second week they began to get thin, although their appetite 
continued good, and they took daily between six and eight ounces 
of sugar. The emaciation increased during the third week, and they 
became feeble, and lost their activity and appetite. At the same 


Physiol, edit. 2, t. ii. p. 426. Milligan’s Translation, 4th edit. p. 223. 
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time an ulcer appeared on each cornea, followed by an escape of 
the humours; this took place in repeated experiments. The animals 
still continued to eat three or four ounces of sugar daily; but never¬ 
theless became at length so feeble as to be incapable of motion, and 
died on a day varying from the 31st to the 34th. (And it must be 
recollected that dogs will live the same length of time without any 
food at all.) After death the muscles were found very much wasted, 
the stomach and intestines much contracted, and the gall-bladder and 
urinary bladder distended. The urine was analysed by Chevreul, 
and found to be alkaline, as in herbivorous animals, and to contain 
no uric acid or phosphates. The bile contained abundance of pi- 
cromel, which also exists in large proportion in the bile of herbivora, 
but which has been recently found to be likewise present in the bile 
of carnivorous animals. The faeces contained but little nitrogen, 
although it generally forms a large part in their composition. To 
ascertain whether these effects are peculiar to a sugar diet, or result 
from the want of nitrogen, Magendie kept dogs on olive-oil and 
water. All the phenomena produced were the same, except that no 
ulceration of the cornea took place. The same was the result when 
dogs were fed on gum alone, which is a very nutritious substance 
if taken mixed with other aliments, but which contains no nitrogen. 
With butter the effects were the same, and the dog died on the 
thirty-sixth day, although meat was given him on the thirty-second 
day; one eye ulcerated: and the urine and bile were found in him, 
as well as in the dogs fed with gum and oil, to be of the same compo¬ 
sition as in those fed on sugar. By other experiments, Magendie 
ascertained that chyme and chyle are formed from sugar, oil, or gum; 
and that consequently it is not from want of being digested that 
these substances do not nourish the animals. In addition to the ex¬ 
periments here detailed, the fact may be adduced that in Denmark 
a diet of bread and water for four weeks is considered equivalent to 
the punishment of death; and that Dr. Stark died, in consequence 
of experiments which he instituted on himself, to determine the 
effects of long-continued sugar diet: after taking such food for some 
months, he became extremely feeble and swollen, and red spots ap¬ 
peared on his face, and threatened to break out into ulcers. 

Magendie’s experiments have thrown some light on the causes 
and mode of treatment of gout, and calculous disorders. The subjects 
of these diseases are generally persons who live well, and eat largely 
of animal food: while most urinary calculi, gravelly deposits, the 
gouty concretions, and the perspiration of gouty persons, contain 
abundance of lithic acid, a substance into the composition of which 
nitrogen enters in large proportion. By diminishing the proportion 
of azotized substances in the food, the gout and gravelly deposits in 
the urine may be prevented. 

Tiedemann and Gmelin have confirmed Magendie’s experiments. 
They fed different geese, one with sugar and water, another with 
gum and water, and a third with starch and water. All gradually 
lost weight. The one fed with gum died on the sixteenth day; that 
fed with sugar on the twenty-second; the third, which was fed with 
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starch, on the twenty-fourth, and another on the twenty-seventh day; 
having lost during these periods from one-sixth to one half of their 
weight. But a goose which was fed with boiled white of egg cut 
into small pieces, although it maintained its appetite, and the food 
contained nitrogen, also died on the forty-sixth day, after having lost 
nearly one half of its weight. These experiments of Tiedemann 
and Gmelin, like those of Magendie above detailed, would be very 
conclusive if the same animals had been fed alternately on different 
substances that contained no nitrogen; for the experiments of Ma¬ 
gendie, which follow, show that animals are frequently not able to 
support a diet consisting invariably of one and the same substance, 
though it contain azote. (See Londe, Frof'iep’s Notiz. Bd. xiii. No. 

Necessity of variety in diet. —Magendie’s further experiments 
on the nutritious property of different substances afforded the fol¬ 
lowing facts:—1. A dog fed on white bread, wheat and water, did 
not live more than fifty days. 3. Another dog, on the contrary, 
which was kept on brown soldier’s bread, did not suffer. 3. Rabbits 
and Guinea-pigs fed on any one of the following substances,— 
wheat, oats, barley, cabbage, or carrots,—died with all the signs of 
inanition in fifteen days; while, if the same substances were given 
simultaneously, or in succession, the animals suffered no ill effect. 
4. An ass fed on dry rice, and afterwards on boiled rice, lived only 
fifteen days. A cock, on the contrary, was fed with boiled rice for 
several months with no ill consequence. 5. Dogs fed with cheese 
alone, or with hard eggs, lived for a long time, but they became 
feeble and thin, and lost their hair. 6. Rodent animals will live a 
very long time on muscular substance. 7. After an animal has been 
fed for a long period on one kind of aliment, which, if continued, 
would not alone support life, he will not be saved by his customary 
food being given to him; he will eat eagerly, but he will die as soon 
as if he had continued to be restricted to the one article of food which 
was first given. The conclusion to be deduced from the above facts 
is, that variety of the kinds of aliment is an important circumstance 
to be attended to in the preservation of health. The statement of 
M. Magendie, that for the nutrition of animals variety of diet is ne¬ 
cessary, and that restriction to one kind of food induces emaciation 
and death, has been fully confirmed by a comparative experiment 
instituted on three rabbits by M. E. Burdach. {Froriep^s Not. Oct. 
1839, p. 43.) 

Dr. Prout {on the Nature and Treatment of Stomach and Uri¬ 
nary Diseases,) reduces all the articles of nourishment, among the 
higher animals, to four great classes or groups: 1, the aqueous; 2, the 
saccharine, comprehending sugar, starch, gum, &c.; 3, the oily, in¬ 
cluding oils and fats; and 4, the albuminous, —the last the proximate 
principle of animals, and a modification of which is vegetable gluten. 
After a short account of each of these classes, he makes the following 
summary of the subject:— 

“Such are the four great alimentary principles, by which all the 
higher animals are nourished, and of which their bodies are essen- 
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tially constituted; and if we regard carbon as the elementary prin¬ 
ciple by which, caeteris paribus, the nutritive powers of three of the 
alimentary principles are measured or represented, (which, in a cer¬ 
tain point of view, may be considered to be the case,) we shall find 
them to stand in the order in which they have been above described; 
that is, the saccharine principles contain on an average from forty to 
fifty per cent, of carbon: the albuminous (including azote) from fifty 
to seventy-five per cent.; and the oleaginous about eighty per cent, 
of this principle. Of these principles it has already been remarked, 
that without any alteration in their essential composition, they are 
capable of assuming an infinite variety of modified forms; many of 
which are so peculiar, that from their sensible properties it is very 
difficult to recognise their identity. Moreover, these staminal prin¬ 
ciples, in all their forms, are capable of readily passing into, and of 
combining with, each other; at least the organic agents, as we shall 
see hereafter, have the power of effecting such changes. Further, 
these staminal principles are all susceptible of transmutation into new 
principles according to certain laws; thus the saccharine principle is 
readily convertible into oxalic acid; or, under other circumstances, 
into the modification of the oleaginous principle, alcohol. Though 
an endless variety of these modifications of the staminal principles 
exist in different organised beings, still the proportion they bear to 
the staminal principles is very limited; and they are either confined 
to glandular secretions; or are" excrementitious; or extravascular; 
that is, these modifications and combinations form no part of the 
living animal, though they are often attached to it; as in the case of 
the shells, &c., of the molluscous tribes. They also exist in many ex¬ 
creted products. 

“ From this essential identity between the alimentary matters by 
which animals are nourished, and the composition of their own 
bodies, it not only follows that in the more perfect animals all the 
antecedent labour of preparing these compounds de novo, is avoided; 
but that a diet, to be complete, must contain more or less of all the 
four staminal principles. Such at least must be the diet of the higher 
classes of animals, and especially of men. It cannot indeed be 
doubted that many animals, on an emergency, have the power of 
forming a chyle from one or two of these classes of aliments; but 
that the higher animals can be so nourished for an unlimited time is 
exceedingly improbable. Nay, if we judge according to what is 
known from universal observation, as well as from experiments 
which have been actually made by physiologists regarding food; we 
are led to the.directly opposite conclusion, namely, that the more 
perfect animals could not exist on one class of aliments; but that 
a mixture of three at least, if not of all the four staminal principles, 
is necessary to form an alimentary compound well adapted to their 
use. 

“This view of the nature of aliments is singularly illustrated and 
maintained by the familiar instance of the composition of milk. All 
other matters appropriated by animals as food, exist for themselves; 
or for the use of the vegetable or animal, of which they form a con- 
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stituent part. But milk is designed and prepared by nature expressly 
as food, and it is the oiily material throughout the range of organi¬ 
sation that is so prepared. In milk, therefore, we should expect to 
find a model of what an alimentary substance ought to be—a kind 
of prototype, as it were, of nutritious matters in general. Now 
every sort of milk that is known, is a mixture of the four staminal 
principles we have described; in other words, milk always contains, 
besides water^ a saccharine principle; a caseous, or, strictly speak¬ 
ing, an albuminous principle; and an oily principle. Though in the 
milk of different animals, the three latter of these staminal principles 
exist in endlessly modified forms, and in very different proportions; 
yet neither of them is at present known to* be entirely wanting in the 
milk of any animal. 

“The composition of the substances by which animals are usually 
nourished, favours the mixture of the primary staminal alimentary 
principles; since most of these substances are compounds of at least 
three of the staminal principles. Thus most of the gramineous and 
herbacepus matters, besides water, contain the saccharine and the 
glutinous principles; while every part of an animal contains at least 
albumen and oil. Perhaps, therefore, it is impossible to name a sub¬ 
stance constituting the food of the more perfect animals, which is not 
essentially a natural compound of at least three, if not of all the four 
great principles of aliment.”(a) 

Appetite and satiety. —The sensations are in part taste itself, and 
in part sensations analogous to taste, like those which are excited by 
the food when appetite is wanting. The sense of appetite is height¬ 
ened in winter and spring, by cold baths, by friction of the skin, by 
friction of the abdomen, and by the agitation to which the abdomen 
is subjected in exercise on horseback, as well as by muscular exertion. 

Digestion excites in healthy persons a general feeling of satisfac¬ 
tion and pleasure, with the sensation of warmth; but these feelings 
are not confined to the digestive organs, of which the principal sen¬ 
sitive nerve is the vagus; but extend to almost all parts of the body: 
it is probable, therefore, that they are in a great measure owing to 

(a) I have substituted the preceding summary of Dr. Prout’s views of the 
classification of alimentary matters, as contained in his late work, for the less 
complete sketch taken by Muller from Dr. Elliotson’s edition of Blumenbach’s 
Physiology. Dr. Prout seems to have anticipated the results of recent chemical 
analyses, when he tells us that albuminous aliments, under which head he includes 
“ the principal modifications of albumen— gelatin, albumen, strictly so called, 
curd, gluten ,'^—have “certain properties in common, so as to render it probable 
that their ultimate composition is similar, gr at least analogoys.” As regards 
albumen and fibrin, this opinion has been, as the reader will have learned (p. 
100), fully verified; and to these proximate principles, so closely resembling one 
another, as to approach to identity, may be added casein (see note to p. 15) and 
gelatin. Not only has this close affinity been made manifest by a discovery of 
the ultimate composition of these principles, but also by that of a proximate prin¬ 
ciple, jorofeen, which represents them all, and probably serves as the last reduction 
to homogeneity of organic nutritive matter before it becomes a part of the chyle 
and blood for the subsequent construction of the tissues. For any practical view 
of the subject, the term albuminous, as used by Dr. Prout, will serve to represent 
the substances, chiefly animal, into which azote enters. 
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excitement of the sympathetic nerves, which, as will be shown at a 
future page, possess in a high degree the faculty of transmitting im¬ 
pressions made on them from one part to another. 

Indigestion is a state of the digestive organs, in which either they 
do not secrete the fluid destined for the solution of the aliment, or 
they are in such a condition of irritability or atony, that by the me¬ 
chanical irritation of the food painful sensations and irregular motions 
are excited. The local sensations of uneasiness in the digestive 
organs appear to have their seat principally in the nervus vagus; 
for any great irritation of that nerve in the oesophagus and pharynx 
seems to produce the same sensations of nausea as are the result of 
irritation of the stomach itself previous to vomiting. But the sym¬ 
pathetic affection of the whole nervous system in such cases is not 
less striking, and seems to be likewise dependent on an impression 
made on the sympathetic nerve. 

In hunger and thirst both kinds of sensations, the local and gene¬ 
ral, are present, but the after phenomena are the direct effects of the 
want of nutriment and water in the system. 

What is called thirst is, however, sometimes rather a call for the 
cooling influence of cold drinks, as, for instance, in the dry hot state 
of the air-passages, mouth, and skin produced in fevers by the in¬ 
creased temperature and diminished turgescence of the parts. Exha¬ 
lation is in such cases often diminished, and the dryness of the 
surface arises from the circumstance that although blood still flows 
through the capillary vessels, the reciprocal action between the blood 
and the living tissues, which is denominated turgescence, or turgor 
vitalis, is depressed. No increased generation of caloric in the inter¬ 
nal organs is here required to account for the elevated heat of the 
skin, since it would arise from the mere absence of exhalation and 
of the cooling effect produced by the conversion of a fluid into a 
gaseous body. 

The final consequences of unappeased thirst are a feverish state 
which does not apparently differ from that of nervous fevers, and 
with it inflammation of the air passages. 

The local sensations of hunger, which are limited to the digestive 
organs, and appear to have their seat in the nervus vagus, are feelings 
of pressure, motion, contraction, qualmishness, with borborygmi, and 
finally pain. These sensations have been supposed to be caused by 
the saliva, by the bile, by the rubbing of the coats of the stomach 
against each other, or by the acrid gastric juice. Dumas imagines 
the feeling of hunger to arise from the action of the absorbent vessels 
of the alimentary canal being turned upon the coats of the stomach 
and intestines themselves. All these suppositions are quite inadmis¬ 
sible. The aliment is an “adequate,” or “homogeneous” stimulus 
(see pages 61 to 63) to the digestive organs: when this stimulus is 
wanting, the state of the organ is made known to the sensorium by 
the nerves. Brachet {Recherches sur les fonctions du systhne 
ganglionaire. Paris, 1830,) infers, from his experiments, that the 
local sensations of hunger, as well as those of appetite and satiety, 
cease to be felt after division of the nervi vagi, and it is possible that 
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such is the case. The observations of Dr. J. Reid, however, lead 
him to conclude that animals in some instances still continue to feel 
hunger after those nerves have been divided. It is obvious that if 
the sensation of hunger is excited in the vagi nerves by the want of 
chyle in the system, it might still be felt after the section of those 
nerves, and would necessarily be referred to the stomach where the 
peripheral extremities of the nerves are distributed. But it would 
not be so easy to account for food taken into the stomach exciting 
the sensation of satiety, which Dr, Reid supposes may occur under 
the same circumstances. The sensation of hunger is put an end to, 
by the change which the assumption of food produces in the state 
of the gastric nerves, by strong impressions on the sensoriiim, and 
the active states of it excited by passions or meditation, and by the 
change produced in the brain itself by taking opium, &c. The long 
fasting to which insane persons are frequently observed to subject 
themselves, may in like manner be accounted for, perhaps, by their 
having, in consequence of the morbid affection of their sensorium, 
lost the perception of the local sensation of hunger which incites us 
to take food. 

The general effects of fasting, however, are observed to be for 
the most part similar even in different conditions of the digestive 
organs. They are feelings of general debility, actual and gradually 
increasing loss of strength, fever, delirium, and violent passion, al¬ 
ternating with the deepest despondency. The temperature of the 
body is said to fall several degrees, though this is denied by Dr. 
Currie ( On the effects of Water, cold and warm, as a remedy in 
fever, 1797;) to have been the case in a patient who died of inani¬ 
tion in consequence of stricture of the oesophagus. The respiration 
becomes fetid, the urine acrid and burning, and the lymphatic vessels, 
according to Magendie and Collard, bloody. Collard states that the 
quantity of their contents is increased when the animal has fasted 
only a short time (?), and that it afterwards gradually decreases, but 
that even the lacteals still carry some little lymph about the middle 
period of the abstinence. Contraction of the stomach ensues. The 
secretions cease to be formed, although the gall-bladder is full, and 
bile still passes into the intestine. (It does not enter the stomach, 
according to Magendie.) The mucus of the mucous membranes 
becomes less abundant, as do all substances which can be absorbed. 
The pus from wounds, the milk, saliva, and the poison of serpents, 
cease to be secreted. The urine still contains urea; for Lassaigne 
found that substance in the urine of a madman who had fasted 
eighteen days: {Journal de Chim. Med, 1825, ^dvr.'l The mucous 
membranes are pale; the urinary passages are not necessarily in¬ 
flamed. M. Collard states that the relative quantity of fibrin in the 
blood is diminished during fasting, while the proportion of solid 
matters due to the red particles is increased. {Magendie's Journal de 
Physiol, t. viii. p. 171.) The stomach is found much contracted after 
death. 

Experiments on the duration of life in man and animals deprived 
of food, show that warm-blooded animals are least able to support 
29 
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the want of food. The lower animals with a hard external skeleton 
will live an extraordinary length of time without food: I have been 
informed by letter, that an African scorpion lived during the voyage 
to Holland and nine months after it arrived there and came into the 
possession of Dr. Dehaan, without taking any food. Rudolphi kept 
proteus anguinus five years; Zoys had one ten years, living in 
spring water renewed from time to time, and having nothing else 
given to it. Salamanders, tortoises, and gold-fishes may likewise be 
kept for years without food, and it is well known that snakes will 
live for six months without eating. Redi found birds sustain the 
want of food for from five to twenty-eight days: a seal lived out of 
water, and without nourishment, for four weeks; and dogs lived from 
twenty-five to thirty-six days without eating or drinking. Man does 
not generally support hunger and thirst longer than a week; though 
hunger alone is borne much longer, especially in disease, and above 
all in insanity. (See Tiedemann, Physiol, t. iii.) The accounts of 
persons having lived without taking food for months and years are, 
as Rudolphi with justice remarked, examples of deception. 


CHAPTER II. 

OP THE DIGESTIVE ORGANS. 

a. Of the different forms of the alimentary canal. 

It appears to be a universal characteristic in the physical structure 
of animals that they have an internal cavity for the production of a 
chemical change in the aliment—a cavity for digestion. This cavity 
is in most cases tubular, and open at its upper and lower extremity, 
but sometimes it is provided with but one, oral, opening; the remains 
of the food, after digestion, being expelled by the same opening by 
which it had been introduced. ( On the Jigastrica, see Meyen, Act. 
Nat. Cur. t. xvi. Suppl.) 

The Infusoria have been shown by the great discoveries of Ehren- 
berg to possess throughout the class a mouth surrounded with cilia: 
but this is not all; Ehrenberg has been enabled, by feeding the 
creatures with coloured substances, to distinguish the different forms 
of their digestive organs, and to found on these differences a division 
of the class into primary groups. Some he finds to have neither 
intestine nor anus, but merely a single mouth, into which many 
caecal stomachs open; this is the form of the digestive organs in the 
monads, &c. In others there is a complete intestinal canal furnished 
with mouth and anus, and communicating by narrow tubes with 
numerous ctecal stomachs.* The intestine sometimes describes a 

* The accuracy of M. Ehrenberg’s statement, that the round bodies seen 
within the so-called Polygastric animalcules, are stomachs, has, however, been 
recently called in question by Mr. R. Jones (Animal Kingdom, p. 57), M. Meyen 
(Muller's Archiv. 1839, p. 74), and M. Dujardin (Ann. des Sc. Nat. 1838. 
Nov.). 
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circle in the body of the animal, terminating near the mouth in a 
ciliated ring at the upper extremity of the body, as in the vorticellae; 
in other instances the mouth and anus are situated at opposite ex¬ 
tremities of the animal; while, in others, again, the situation of the 
mouth and anus alternates, either one or other of them being at the 
extremity of the body; lastly, in another group, both mouth and anus 
open at the abdominal surface of the body. In Loxodes cucullatus, 
—a polygastric animalcule with complete digestive canal,—Ehren- 
berg has discovered and described pharyngeal teeth. 

In the Rotifera, or wheel animalcules, there is an intestinal canal 
extending from the mouth to the anus, and in some Ehrenberg has 
discovered a dental apparatus. Most of them have two glandular- 
looking organs at the commencement of the intestinal tube.* 

In the Jicalepha there is neither anus nor intestinal tube; the ali¬ 
ment is either conveyed by the mouth into a stomach which is rami¬ 
fied like a vascular system in the substance of the animal,—as in the 
Medusae; or the nutriment is taken up by the absorbent tubes of the 
tentacula, and by these carried to the stomach,—as in the Rhizosto- 
mata; or, as appears to be the case in the Berenice and others, the 
food, being taken up by absorbent tubes, is distributed through rami¬ 
fied digestive canals, there being no true stomach. And, even in 
cases where there is a stomach, ramifying tubes, like vessels, arise 
from it, and are distributed through the substance of the animal. 

In the Polypifera, of which some are free, others fixed, some 
simple and others united on a common stem, the digestive organs 
are in some instances simple, consisting of a caecal sac-like stomach, 
which is the form in the Actiniae, Fungi, Madrepora, Tubipora, Al- 
cyonia, Millepora, Sertularia, and Hydrae; while in others, as in the 
Alcyonellae, there is a short intestinal canal, the anus opening near 
the mouth.t 

In the Entozoa the forms of the digestive cavity are exceedingly 
various. In the cystic worms the vesicular cavity of the body serves 
to fulfil the office of digestion; such, at least, seems to be the case, in 
the Cysticercus and CoBnurus. In the Cestoidm, or tape-worms, the 
intestine is described by Mehlis to commence as a simple tube, but 
to bifurcate very soon. In the trematoda,or suctorious worms, there 
is no anus, and the intestine is ramified through the body like a ves¬ 
sel, though there is besides,—for example, in the Distoma,—a second 
system of vessels, which opens at the posterior part of the body, and 
which may perhaps communicate with the ramified intestinal canal 
by its smaller branches.^ In the Acanthocephala the anus is again 
wanting, and the bifurcate intestinal canal terminates by c£ecal ex¬ 
tremities. The Nematoda, or round worms, have a simple tubular 
intestine provided with mouth and anus. 

* Ehrenberg, Physikal. Abhandl. der Kdnigl. Akademie der Wissenschaften zu 
Berlin. 1830 and 1831. 

f See Hemprich and Ehrenberg, Symbolae Physicae. Berol. 1831. See also 
Meyen, Isis, 1828. Nov. Act. Nat. Cur. t. xv. Suppl. Sharpey, Cyclop, of Ana¬ 
tomy, Art. Cilia and Farre, Philos. Transact. 1837, p. 388. 

Mehlis de Distomate hepatico et lanceolate. Getting. 1825. Laurer, Disquis. 
Anatom, de Amphistomo conico. Gryphiae, 1830. 
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Between the Planaria^ Prostoma, Berostoma, and other similar 
worms of fresh and salt water, so closely allied to the Entozoa, par¬ 
ticularly to the Trematoda, there are, again, marked systematic dis¬ 
tinctions in the forms of the digestive organs; the Prostoma and 
Berostoma having both mouth and anus, while in the Planaria there 
is a ramified intestine, with the mouth at the abdominal surface of 
the body, but no distinct anus. [Ehrenberg, Symb. Physik.) 

In the Radiata there is sometimes,—as in the Holothuria and 
Echinoidea, &c.—an intestinal canal with both mouth and anus, 
which in the Holothuria are at the opposite extremities of the body; 
while in the Echinoidea the mouth is in the middle of the under 
surface, and the anus either in the middle of the upper surface,—as 
in the Echinus,—or at the border of the shell,—as in the Spatangus. 
In the Asterioidea there is merely a stomach with csecal appendages, 
no intestinal canal nor anus; while in the Crinoidea the intestine and 
anus are again met with,—as in the Comatula,—in which the anus 
is placed together with the mouth at the under surface of the body. 

In all the Jlnnelida, Crustacea, Arachnida, and Insecta, there 
is an intestinal canal, with mouth and anus; but its form presents 
many varieties. We may mention, as particularly remarkable in 
these classes, the increase of digestive surface by means of caeca 
arising from the short intestinal tube in the Phalangida, (a family or 
tribe of tracheary Arachnida,) the dental apparatus in the stomach 
of Crustacea,—for example, crabs and lobsters,—and of some insects 
(the Orthoptera), and the complex form of the stomach in some car¬ 
nivorous insects. In general, the alimentary canal of insects consists 
of an oesophagus, a crop, (which, however, is met with only in the 
Hymenoptera, Lepidoptera, and Diptera,) the gizzard furnished on 
the inner surface with teeth or horny ridges (which exists in the 
carnivorous Coleoptera, and most Orthoptera), the chylific portion 
of the canal which extends to the insertion of the Malpighian, or so- 
called biliferous vessels, and the intestine which extends from that 
point to the anus. 

In the Vertebrata the stomach is ordinarily a mere dilated portion 
of the alimentary tube. The intestine in fishes is usually short, but 
its want of length is sometimes compensated for by folds of the mu¬ 
cous membrane; in the rays and sharks, for example, the internal 
coat of the intestine forms a spiral valve extending from the stomach 
to the anus, which in fishes is generally situated in front of the open- 
ng of the urinary and genital organs. 

In birds the stomach presents a complexity of structure which is 
not met with in fishes. Amphibia, and reptiles. In addition to the 
crop, or sac-like diverticulum of the oesophagus,—an organ destined 
for the preparatory softening of the food, and pretty generally present 
in birds, being wanting only in the Scansores, Grallatores, Nata- 
tores, Insectivores, and Cursores, or birds of the ostrich kind,—the 
stomach itself is divisible into two parts: 1. the so-called proventi- 
culus, or glandular stomach, a dilatation of the cardia, in the walls 
of which there is an entire stratum of distinct glandular follicles; 
and 3. the muscular stomach, or gizzard, which follows immediately 
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upon the other. In carnivorous birds the walls of the gizzard are 
thinner, but they are very thick in those which feed on vegetable 
substances; and then the muscular coat forms two very thick lateral 
muscular masses, and the mucous membrane which lines their inner 
surface has a thick warty covering of epithelium. The large intes¬ 
tine is short and narrow, and has two cseca at its commencement, 
which are of greatest length in birds which feed on vegetable sub¬ 
stances. The rectum, as in reptiles, opens into the cloaca, together 
with the urinary and genital organs. 

In Mammalia^ the distinction between those feeding on vegetables 
and those which live on animal substances is the point of greatest 
interest. The glandular stomach of birds is not met with in the class 
Mammalia as a distinct portion of the alimentary tube, and the only 
structure analogous to it is presented by the accumulation of numerous 
glands about the cardia in some quadrupeds,—for instance,the beaver, 
phascolomys, &c.* 

In several rodent animals, such as the hamster and water-rats, 
the stomach is already divided into two parts. In the great kan- 
guruh it has three compartments; in the sloth even four; among the 
apes the Semnopitheci have a compound stomach, consisting of 
three portions, the cardiac with smooth simple parietes, a very wide 
sac-like portion, and a long tubular division similar to a large intes¬ 
tine. The complex structure of the stomach is, however, by no 
means a universal character of herbivorous Mammalia; for in the 
Solidungula (the horse, ass, &c.) the stomach is simple, its different 
regions being distinguished merely by the extension of the epithelium 
from the oesophagus over the cardiac portion. In the Pachydermata, 
also, if we accept the pecari and hippopotamus, in which the stomach 
has peculiar appendages, or sac-like dilatations, the organ is gene¬ 
rally of simple structure. The stomach exhibits the most remark¬ 
able complexity of structure in the ruminants among herbivorous 
Mammalia, and in the dolphins among those living on animal sub¬ 
stances. 

The last only of the four stomachs of the Ruminantia has the 
acid property which characterises the organ in other Mammalia. 
The first three cavities have a distinct lining of epithelium, and may 
be regarded as divisions of the cardiac portion of the stomach, and 
destined for the softening of the vegetable food preparatory to true 
digestion. The first great compartment of the stomach, the paunch, 
is characterised by the numerous flattened papillae of its inner sur¬ 
face; it effects little change in the food which is in it subjected to 
maceration by the saliva. The second, smaller stomach, the reticu¬ 
lum, communicates freely with the paunch, and is distingushed by 
the honeycomb-like denticulated folds of its lining membrane. In 
the third stomach, the manyplies ox omasum, ihe mucous membrane 
is thrown into numerous deep longitudinal folds, arranged side by 
side like the leaves of a book. The food having been softened in the 

* See Sir E. Home’s Lectures on Comparative Anatomy, vol. ii. and Muller, de 
Gland. Secernentium, penit. struct, tab. i. fig. 9, 10. 

29 ^^ 
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first and second stomach, is after a certain time returned to the oeso¬ 
phagus and mouth, and having been a second time masticated, 
descends through the oesophagus into the third stomach, and thence 
passes by a narrow opening into the fourth, the obomasum, of which 
the mucous membrane is soft, and the form elongated almost like 
that of the intestine. The first and second stomachs may be re¬ 
garded as diverticula from the cardiac portions of the oesophagus 
and stomach. The opening by which they communicate with the 
oesophagus can be closed so that the morsel of food is made to pass 
onwards directly into the third stomach without entering the first and 
second cavities. 

In the Cetacea^ the complex structure of the stomach is met with 
both in the vegetable feeders and in those which live on animal sub¬ 
stances. The stomach of the phytophagous manati has several com¬ 
partments, and that of the zoophagous whales, also, has even five or 
more divisions. 

The alimentary canal in the Carnivora is generally much shorter 
than in the other orders, and the distinction between the small and 
large intestine is in them less marked, while in most Herbivora the 
colon is very wide and very long. The csecum also presents re¬ 
markable differences according to the kind of food which the animal 
takes. In general it is remarkably small in Carnivora, while in the 
Solidungula, Ruminantia, and most Rodentia, it is very long,—for 
example, in the horse it measures two feet and one half; in the 
beaver, two feet. 

The herbivorous Mammalia afford examples of a change from 
animal to vegetable food, inasmuch as for a certain period after birth 
they are supported on the milk of the mother, and during that period 
the first stomach is small. But the changes which the alimentary 
canal of the larvae of frogs undergoes is much more remarkable. 
These Amphibia in the larva state have an intestinal canal of very 
great length, and appear at that time to feed principally on vegetable 
substances; while at a later period, when their food consists of animal 
matters, the intestine is very short. 

The most general inference to be deduced from the foregoing com¬ 
parative review of the forms of the alimentary canal in the animal 
kingdom is, that vegetable substances require a much more extensive 
apparatus for their digestion than animal substances. The intimate 
connection which exists between the whole organisation of an ani¬ 
mal and the nature of his food, has been set forth by Cuvier in so 
admirable a manner,* that I cannot refrain from giving his own 
words. Cuvier says, “Every organised being forms a whole, a 
unique, and perfect system, the parts of which mutually correspond, 
and concur in the same definitive action by a reciprocal reaction. 
None of these parts can change without the whole changing; and, 
consequently, each of them, separately considered, points out and 
marks all the others. Thus, as I have before remarked, if the intes- 

* Cuvier, Revolutions of the surface of the Globe. English translation, Whit¬ 
taker, London, p. 59. 
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tines of an animal are so organised as onl7 to digest flesh, and that 
fresh, it follows that its jaws must be constructed to devour a prey, 
its claws to seize and tear it, its teeth to cut and divide it, the whole 
structure of the organs of motion, such as to pursue and catch it, its 
perceptive organs to discern it at a distance; nature must even have 
placed in its brain the necessary instinct to know how to conceal 
itself and lay snares for its victims. That the jaw may be enabled 
to seize, it must have a certain-shaped prominence for the articula¬ 
tion, a certain relation between the position of the resisting power 
and that of the strength employed with the fulcrum; a certain volume 
in the temporal muscle, requiring an equivalent extent in the hollow 
which receives it, and a certain convexity of the zygomatic arch 
under which it passes: this zygomatic arch must also possess a certain 
strength to give strength to the masseter muscle. That an animal 
may carry off his prey, a certain strength is requisite in the muscles 
which raise the head; whence results a determinate formation in the 
vertebrae or the muscles attached, and in the occiput where they are 
inserted. That the teeth may cut the flesh, they must be sharp; and 
they must be more or less so, according as they will have, more or 
less exclusively, flesh to cut. Their roots should be the more solid 
as they have more and larger bones to break. All these circum¬ 
stances will in like manner influence the development of those parts 
which serve to move the jaw. That the claws may seize the prey, 
they must have a certain mobility in the talons, a certain strength in 
the nails, whence will result determinate formations in all the claws, 
and the necessary distribution of muscles and tendons, it will be 
necessary that the fore-arm have a certain facility of turning, whence 
again will result determinate formation in the bones which compose 
it; but the bone of the fore-arm articulating in the shoulder-bone, 
cannot change its structure without this latter also changes. In a 
word, the formation of the tooth bespeaks the structure of the articu¬ 
lation of the jaw; that of the scapula, that of the claws; just as the 
equation of a curve involves all its properties; and, in taking each 
property separately as the basis of a particular equation, we should 
find again both the ordinary equation, and all the other certain 
properties; so the claw, the scapula, the articulation of the jaw, 
the thigh-bone, and all the other bones separately considered, re¬ 
quire the certain tooth, or the tooth requires them reciprocally; and 
beginning with any one, he who possessed a knowledge of the laws 
of organic economy would detect the whole animal. We see, for 
instance, very plainly, that hoofed animals must all be herbivorous, 
since they have no means of seizing upon their prey; we see, also, 
that having no other use for their fore-feet than to support their 
bodies, they have no occasion for so powerfully framed a shoulder; 
whence we may account for the absence of the clavicle and the 
acromion, and the straightness of the scapula: not having any occa¬ 
sion to turn the fore-leg, their radius will be solidly united to the 
ulna, or, at least, articulated by a hinge-joint, and not by ball and 
socket, with the humerus: their herbaceous diet will require teeth 
with a broad surface to crush seeds and herbs: this breadth must be 
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irregular, and for this reason the enamel parts must alternate with 
the osseous parts; this sort of surface compelling horizontal motion 
or grinding the food to pieces, the articulation of the jaw cannot form 
a hinge so close as in carnivorous animals; it must be flattened, and 
correspond with the facing of the temporal bones, more or less flat¬ 
tened; the temporal cavity, which will only contain a very small 
muscle, will be small and shallow.” 

b. Of the membranes forming the coats of the alimentary canal. 

The alimentary canal has an external serous investment derived 
from the peritoneum, a muscular coat lying under the serous coat, 
and a tunica propria, which forms a kind of fascia, or framework, 
on the outer surface of which the muscular fibres lie, while to its 
inner surfiice the mucous membrane is attached. 

The structure of the villi of the small intestine has been already 
described, and their relation to the process of lacteal absorption dis¬ 
cussed. (See pages 271-2.) 

The glands of the mucous membrane of the intestinal canal 
remain to be considered. Three forms of these glands have been 
distinguished:— 

1. The follicles of Lieberkuhn —foramina, or depressions, so 
small as not to be visible without the aid of a glass, which are 
spread over the whole extent of the mucous membrane of the small 
intestine, and are in such number that when sufficiently magnified 
they give to the membrane the appearance of a sieve. (They have 
been already described at page 272.) To the same class, perhaps, 
belong the simple tubular follicles described by Dr. Boehm {De 
Gland. Intestin. Struct. Penit. Berol. 1835,) as occupying the 
whole extent of the mucous membrane of the large intestine, and 
represented by him as seen in a section of the membrane to be ar¬ 
ranged perpendicularly side by side, their caecal bases resting on the 
subjacent vascular membrane, while their orifices, which are so 
minute as to be scarcely visible without the aid of a glass, are sepa¬ 
rated by spaces but little larger than the openings themselves. There 
are other follicles of the large intestine which are larger and much 
less numerous, and which, under the name of glandulae solitarim, 
have been confounded with the duodenal glands of Brunner. Their 
form is that of a simple round cavity. They are most numerous in 
the caecum and appendix. 

The mucous membrane of the stomach has a structure somewhat 
similar to that described by Boehm, as belonging to the large intes¬ 
tine. It has been made the subject of examination by Dr. Sprott 
Boyd.* He describes it as having here and there a velvety appear¬ 
ance, from the presence of minute folds, or fold-like villi, but as 
being throughout characterised by small regular cells, the diameter 
of which was generally from 2 ^o^h to algth of an inch; but near the 
pylorus T^^th of an inch. In the bottom of the cells a number of 

♦ Inaugural Essay on the structure of the mucous membrane of the stomach, by 
Sprott Boyd. Edinb. 1836. 
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minute openings were visible; and, on making a vertical section of 
the membrane, it was seen to be composed of perpendicular fibres, 
which Dr. Boyd believes to be tubes opening into the cells. In the 
pig he could distinguish the cavity of the tubes. 

The fact of the follicular structure of the mucous membrane of 
the stomach has been fully confirmed by the observations of Bischoff, 
{Muller's Jlrchiv. 1838, p. 503,) and Purkinje, {Isis, 1838, No. 7.) 
The former anatomist found that the follicles most frequently were 
not simple tubuli, but had towards their inferior closed extremity a 
sacculated or racemose structure; while Purkinje directed attention 
to the fact that the walls of the follicles were, like the secreting canals 
of glands, formed of a stratum of nucleated granules, and that the 
same granules, with a more or less mucous fluid, constituted the 
solvent secretion of the stomach. 

The whole Surface of the mucous membrane of the stomach in the 
as stated by M. Wasmann,(i)e digestione nonnulla.Diss. Inaug. 
Berol. 1839,) and also in the ox and human subject, is in the inter¬ 
vals of digestion covered with cylinder epithelium, which during 
digestion seems to be separated and to become mixed with the secre¬ 
tion of the follicles. While the process of digestion is going on, the 
secretion on the surface of the mucous membrane contains the nu¬ 
cleated globules or cellules described by M. Wasmann; in the pig 
these globules appear to be poured out only by the cellular organs 
of the middle region of the stomach; but their formation is not essen¬ 
tially dependent on the cellular structure of those organs, for the 
translator has seen the same globules in perfectly simple tubuli of 
the mucous membrane of the human stomach; and, on the other 
hand, he has twice observed the cellular organs of the pig’s stomach 
invested internally with cylinder epithelium. The translator is in¬ 
clined to believe that the open mouths of the tubular follicles, ordi¬ 
narily described as being visible on the mucous surface of the 
stomach, exist only during the period of digestion. For, twice in the 
pig, and once in the human subject and ox, when the stomach had 
not been engaged in digestion at the time of death, he has seen the 
follicles terminate at the surface of the mucous membrane by appa¬ 
rently closed extremities, which in some instances were prominent, 
like short papillae. Dr. Boyd mentions such papillae as being some¬ 
times seen in the rabbit and in the hedgehog, and states his belief 
that those seen in the rabbit are of a tubular structure. The repre¬ 
sentation which Bischotf gives of the epithelium of the dog’s stomach, 
shows that he also had seen the extremities of the tubuli in their 
closed condition. («) 

(a) Doctor Horner, of the University of Pennsylvania, whose patience in inves¬ 
tigating and accuracy in describing the minute structure of the organs are so well 
known, has put on record {Am. Jour, of the Med. Sciences, vol. xvi.) the result of his 
observations on the structure of the mucous coat of the alimentary canal. He re¬ 
gards this coat as composed in a healthy state of “ a cribriform intertexture” or 
meshes of veins, while the arteries enter only inconsiderably into their composi¬ 
tion, to an amount in some measure comparable to the presence of the arteries in 
other erectile tissues, as the corpus spongiosum and cavernosum penis. “ If the 
corpus spongiosum were in fact spread out into a thin membrane, so as to line a 
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2. Brunner's glands —follicles visible to the naked eye, distributed 
singly in the membrane, and most numerous in the upper part of the 
small intestines. 

Very different structures have been confounded under the name of 

hollow viscus, it would present no very exaggerated representation of what I 
(says Dr. Horner) have denominated the superficial venous layer of the alimentary 
canal, it being also admitted that within the circuit of every anastomosis a follicle 
was formed. Viewed in the preparations of the mucous membrane of the small 
and large intestines which I have, these follicles appear like puncta lachrymalia 
disseminated by thousands over every square inch, and existing so invariably 
upon every part, that as I have stated, the smallest calculation of their numbers 
puts them at from forty to fifty millions.” 

The meshes of the first or superficial venous Intertexture are exceedingly minute 
and vary in a characteristic manner in the stomach, small intestines and colon. 
“Nothing short of an entirely successful injection will exhibit this venous anasto¬ 
mosis, as described; and it may be seen either by injecting a vein, or an artery, 
provided the injection passes from the artery into the veins; but the latter process 
is the least desirable, because we lose the benefit of a distinction of colour between 
the two sets of vessels.” 

Doctor Horner has demonstrated the existence of an epidermis in the alimentary 
canal, from the cardiac orifice of the stomach to near the anus, by the following 
process:—“Tear off the peritoneal coat—invert the part and inflate it to an emphy¬ 
sematous condition, the epidermis will then be raised as a very thin pellicle, and 
may be dried in that state; but as this pellicle retains the air, we hence infer that 
it lines the follicles, and is uninterrupted hy any perforations. This epidermis, if 
the part be previously injected perfectly, shows dots of injecting matter, but no 
arborescence if it be inflated up from the veins. In so doing the villi disappear, are 
in fact unfolded. 

“The villi cannot be seen to any advantage except they be erected by an injec¬ 
tion, in which case those of the upper part of the small intestines are found to run 
into each other very much like the convolutions of the cerebrum, and to press upon 
each other’s sides in the same way. Some of them, however, are merely semi¬ 
oval plates, the transverse diameter of which exceeds the length. At the lower 
end of the small intestine they become simply conical projections, somewhat curved, 
with the edges bent in, and they retain this mechanism until they entirely disap¬ 
pear near the ileo-coecal valve. In the whole length of intestine there is, however, 
every variety of shape, from oblong curved and serpentine ridges, to the flattened 
cone standing on its base; the first condition changing gradually to the last in the 
descent of the bowel. Conformably to this definition of villi, none exist either 
in the stomach or colon, for there we have only the venous mesh. The villi of the 
jejunum are about the thirtieth of an inch high, and those of the ileum about one- 
sixtieth.” 

Doctor Horner believes that in epidemic cholera the epidermic and venous lining 
of the alimentary canal is exfoliated, whereby the extremities of the venous system 
are denuded and left patulous. This pathological view corresponds with the physio¬ 
logical one referred to in the text, by which the cylinder epithelium covering the 
follicles is separated and becomes mixed with the secretion of these latter during 
digestion. It is only at this time that the follicles are believed to be open. 

In the stomach, according to Dr. Horner, the follicles vary very mnch in size, 
and there is an arrangement whereby many of the smaller ones are seen to open 
into the larger; on an average about two hundred and twenty-five are found upon 
every eighth of an inch square, which would give of course to an inch square 
sixty-four times that amount, or fourteen thousand four hundred follicles, and con¬ 
ceding the whole stomach to present an area of ninety inches, which is probably 
below the mark when this organ is moderately distended, as exhibited in the pre¬ 
paration upon which this calculation is founded, the entire number of follicles is 
one million two hundred and ninety-six thousand. 

Touching the size of the follicles, we learn that “in the stomach, the largest of 
these follicles is about ^^^th of an inch in diameter, and the smallest about 
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the glands of Brunner. Dr. Boehm has pointed out that the bodies 
described by Brunner, and regarded by him as analogous to the pan¬ 
creas, do not exist lower down in the intestinal canal than the end of 
the duodenum, or commencement of the jejunum. They are little 
solid glands formed of several minute lobules, lying under the mucous 
membrane, and, by their great number near the pylorus, constituting 
there a continuous layer in the coats of the intestine. 

3. The so-called glandulse agminatas, or glands of Peyer, — which 
have their seat along that side of the intestine which is opposite to 
the insertion of the mesentery. The nature of these thickened, gene¬ 
rally oval patches of the mucous membrane, has, up to the present 
time, been quite a mystery. The following account of them is the 
result of Dr. Boehm’s researches, and I may remark that I have 
verified his observations. For the examination of the glands of 
Peyer, the intestine of healthy persons must be selected; the intestine 
of those who have died suddenly is therefore to be preferred. In 
many chronic diseases, particularly when they affect the intestinal 
canal itself, the organs in question become very much altered; and if 
examined in that state, a false idea of their structure is obtained. 
Whenever they present the appearance of shallow cells arranged 
side by side, they are not in a healthy state, for their form has natu¬ 
rally no analogy with that of open cells or follicles. If one of the 
patches of Peyer’s glands is examined with the microscope in a 
healthy intestine, after the surface has been gently washed, and the 
gland itself cleansed by means of a soft camel’s hair pencil, it is 
readily seen that the thicker aspect of the membrane in these patches 
is in part owing to the size and number of the villi, which are here 

In the colon the largest is about -jljth of an inch in diameter, and the smallest 
about ^|oth. In the small intestines their size varies in about the same ratio as 
in the colon, but they are much more irregular in shape, being scattered more in 
groups in consequence of the villi intervening; some of them penetrate obliquely 
towards the foundations of the villi, hence when examined from the exterior, their 
distribution is more regular, and they are seen lodged in the cellular coat of the 
gut.” 

Doctor Horner is not inclined to believe in the secreting function of the follicles 
—he argues as follows:—“If they are simply secernents of mucus, the number, one 
would think, is much greater than so limited a secretion requires—moreover, why 
is it that they become smaller and less numerous towards the lower end of the large 
intestine, where greater lubrication is required for hardened faeces; in addition, are 
not the glands of Brunner, (solitarise,) and of Peyer, (agminatae,) amply sufficient 
to furnish the required mucus? Again, after most sedulous observations upon the 
villi of all kinds, finely erected by my injections, and placed under most accurate, 
simple, and compound microscopes, I find invariably a polished reflecting surface, 
uninterrupted by foramina, either at their ends or sides, while many of these fol¬ 
licles are found passing obliquely into their bases. An excellent Woollaston’s 
doublet, which makes the villi of the ileum appear an inch long, exhibits them 
with a polished translucent surface, without foramina, except where a villus from 
accident has been broken, a contingency readily recognised by one in the habit of 
viewing them. Finally, if the lacteal foramina of Lieberkiihn and others, do exist 
in fact, why is it that the raising of the intestinal epidermis by inflation does not 
exhibit these foramina by the air escaping through them, but on the contrary, ad¬ 
mits of a dried preparation in that state, the villi being completely effaced?” 

Compare these views with those cited in the text on the structure of the villi of 
the intestines, p. 271-3. 
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broader than in other parts, particularly at their root. The mucous 
membrane between the villi presents here, as in other parts of the 
intestine, the numerous follicles of Lieberkiihn; but in addition to 
these there are seen circular white spots, about one line in diameter, 
in which the mucous membrane is generally free from villi; on very 
few there are traces of very short villi. In the human subject these 
spots are only slightly raised; it is very seldom that the centre of the 
spot forms a short pyramidal white point. In other animals, par¬ 
ticularly in the dog, cat, and rabbit, they are more elevated, and in 
the dog look like white papillae; in the cat and rabbit they are sur¬ 
rounded by a circular furrow, and have a flattened surface, so as to 
resemble the papillae vallatae of the tongue. Each of these white 
spots, of which several are contained in a patch of the glands of 
Peyer, is surrounded by a zone of openings like those of Lieber- 
kiilin’s follicles, except that they are more elongated; and the direc¬ 
tion of the long diameter of each opening is such that the whole 
produce a radiated appearance around the white spot. The number 
of openings in each zone is about ten, and they are generally arranged 
in a circular manner. No opening is visible in the surface of the 
white spot, except in birds; in them there is a small opening. (In 
my work on the glands, I mentioned and gave a representation of 
the appearance of Peyer’s glands, which we have here described 
after Boehm; but which I had noticed only in the cat.) Dr. Boehm 
tried in vain, both in the human subject and other animals, to express 
any secretion from the white bodies through an external opening, as 
he would have been able to have done if they had been follicles; nor 
did pressure force the contents of the white bodies out through the 
openings which form a zone around each of them. On rupturing 
the surface of one of the bodies, a cavity is opened which corre¬ 
sponds in extent to that of the white spot previously seen, and is of 
considerable depth, though less deep than broad. The contents of 
the cavity are a greyish-white mucous matter, containing granules 
smaller than the ordinary particles of mucus. The membrane which 
covers in the cavity is extremely thin. It appears, then, that there 
are no large follicles with open mouths or cells in the patches of the 
so-called “Peyer’s gland,” but merely sacculi, of which the nature 
is unknown. The appearance of cells or follicles is not produced 
until the delicate membrane which shuts in these sacs is destroyed, 
as so frequently happens in disease of these organs. The solitary 
glands of the lower part of the small intestines, which have been 
confounded with the glands of Brunner, are, according to Boehm, 
single sacculi, similar to those which, when aggregated, form the 
patches of Peyer. They are surrounded with a zone of openings, 
contain a white matter, and become diseased, in the same cases as 
the aggregated sacculi, but differ from them in being beset with 
villi. 

The third coatoi the digestive organs is formed by the contractile, 
fibrous, or muscular layer which is continued from the pharynx to 
the anus, and sends prolongations on the efferent ducts of the glands 
which open into the canal. 
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^ The serous or peritoneal coat belongs only to that part of the canal 
which lies within the abdominal cavity. The intestinal tube, as well 
as the liver and spleen, is thrust, as it were, into the peritoneal sac, 
carrying before it a part of the membrane, which, after investing it, 
forms at its posterior border a double suspensory band or mesentery. 
Nearly the whole of the intestinal canal, with the exception of the 
duodenum, has a mesentery, or band of this kind. I have elsewhere 
pointed out,* that in the earliest stage of embryonic life the stomach 
likewise has a distinct suspensory band (a mesogastrium), which at a 
later period undergoes a remarkable change, being converted into a 
sac, the great omentum. It is not till the third or fourth month of 
foetal life that the great omentum and transverse mesocolon become 
continuous. In many Mammalia,—as the dog, cat, hedgehog, rabbit, 
and horse,—there is no connection between the stomach and colon, 
the great omentum or mesogastrium in them passing backwards to 
be attached to the vertebral column without being connected with the 
mescolon, which arises from the vertebral column quite separately: 
and the same is the condition in the human embryo in the earlier 
stages of foetal life. 

The omentum can perform no very important part in the function 
of the digestive organs, since in many animals it has not the same 
anatomical connections, and is represented merely by a loose band 
extending from the stomach. 


CHAPTER III. 

OP THE MOVEMENTS OP THE ALIMENTARY CANAL. 

The muscular coat of the alimentary tube is one of that series of 
contractile organs, of which the motion is involuntary and dependent 
on the sympathetic nerve. The cerebro-spinal nervous system has 
but a limited influence over it; but this influence is evidenced by 
manifold sympathies which exist between the digestive apparatus 
and the brain and spinal marrow. 

The commencement and termination only of the canal have 
muscles which are subject to cerebro-spinal nerves and the will; such 
as the muscles of the mouth, and the muscles moving the lower jaw 
and pharynx, for mastication and in part deglutition, on the one 
hand, and the muscles about the anus, for exoneration on the other. 

I consider it unnecessary to explain the movements of sucking, of 
the prehension of food, and of mastication. ( On these movements, 
see Treviranus, Biologie,L 'iy. 311.) The internal causes of such 
instinctive motions as the sucking of new-born children must remain 
enigmatical. It is difficult in this case to remain satisfied with 
Cuvier’s theory of “instinct;’’ viz, that animals still so young are 

• Meckel’s Archiv. 1830, page 395. 
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impelled to these actions by a dream of images, which, independ¬ 
ently of their will, is being constantly called up in their brainj^—by 
an innate idea, as it were, which arises out of their organisation or 
their necessities, just as the equation of a curve involves in it all the 
properties of a curve. We may, however, for the present, content 
ourselves with supposing that in the sensorium of the infant there 
exists an irresistible impulse to the performance, when possible, of 
the motions of sucking; and in accordance with this we find that in¬ 
fants, sometimes immediately after birth, suck even their own fingers: 
and Mayer has observed that after the head of young animals has 
been separated from the trunk, a finger introduced between the lips 
is seized. Further observations on the nature of these movements 
in new-born infants will be found in a subsequent part of the work. 

We shall now treat more at length of the movements of deglu¬ 
tition, of the movements of the stomach—rumination, vomiting, and 
eructation—of the movements of the intestines, and of the expulsion 
of the fasces. 

1. Deglutition .—In deglutition there are three acts: in the first, 
the parts of the food collected to a morsel glide between the surface 
of the tongue and the palatine arch till they have passed the anterior 
arch of the fauces; in the second act, the morsel is carried past the 
constrictors of the pharynx; and in the third, it reaches the stomach 
through the oesophagus. These three acts follow each other with 
extreme rapidity; the first is performed voluntarily by the muscles 
of the tongue, under the influence of the hypoglossal and glosso¬ 
pharyngeal nerves. The second also is effected with the aid of 
muscles which are in part endued with voluntary motion, such as the 
superior and inferior muscles of the soft palate; but it is nevertheless 
an involuntary act, for it takes place without our being able to pre¬ 
vent it, as soon as a morsel of food, drink*, or saliva is carried back¬ 
wards to a certain point of the tongue’s surface. The third act is 
executed, independently of the will, by muscles, of which the con¬ 
tractions are always involuntary.* 

The third act of deglutition is perfectly involuntary, being per¬ 
formed by the muscular fibres of the oesophagus, which are not in 
the slightest degree capable of voluntary motion. The muscles 
which perform the second act, viz. the muscles of the tongue and 
pharynx, are, on the contrary, capable of executing voluntary move¬ 
ments; and indeed, if the fauces are moist, although there be no 
morsel to swallow, deglutition can be performed voluntarily, although 
not many times in succession. A part of the movements of the second 
act of deglutition, as the approximation of the sides of the posterior 
palatine arch, may also be performed voluntarily, without the whole 
process of deglutition necessarily following. By means of a mirror 
we may convince ourselves that we have some voluntary influence 
over the muscles of the fauces and pharynx, independently of de¬ 
glutition. But if several of these movements, for instance, that of 
the tongue and that of the posterior palatine arch, are excited, either 

* See Dzondi, Die Functionen des weichen Gaumens, Halle, 1831. 
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voluntarily or by the contact of a stimulus, the action of the whole 
group of muscles belonging to deglutition, with the constrictors of 
the pharynx also, ensues, and any portion of food, drink, or saliva, 
which has passed beyond a certain limit in the mouth, is swallowed 
without our being able to prevent it. 

It appears certain that both the second and the third acts of deglu¬ 
tition are, as Dr. Marshall Hall [Mem. on the Nervous System, p. 
83,) pointed out, always excited or reflex mdvements, and that when 
they seem to be performed voluntarily, although there is no food to 
swallow, saliva constitutes the necessary stimulus. According to 
this view, it is easy to understand why, if there is no food in the 
mouth, the fauces must be moist, and also why the movement cannot 
under these circumstances be repeated many times in succession. 
The nerves which convey to the medulla oblongata the impression 
which excites the movements of deglutition, are, according to Dr. 
Reid, [Ed. Med. <§• Surg. Journ. vol. li. p. 273,) the glosso-pharyn- 
geal, those branches of the fifth which are distributed to the fauces, 
and probably those branches of the superior laryngeal nerve which 
reach the pharynx; while the motor influence transmitted from the 
medulla is conveyed by the pharyngeal branches of the vagus; by 
the branches of the hypo-glossal nerve, distributed to the tongue, 
thyro-hyoid, sterno-hyoid, and sterno-thyroid muscles; by the motor 
filaments of the recurrents ramifying in the muscles of the larynx; 
by some branches of the fifth supplying the elevator muscles of the 
lower jaw; by the branches of the portio dura which ramify in the 
digastric and stylohyoid muscles and muscles of the lower part of 
the face; and probably by some branches of the cervical plexus 
which unite with the descendens noni; all the muscles supplied by 
the nerves here enumerated being engaged in the function of deglu¬ 
tition. Dr. Reid’s experiftients [Ibid. vol. xlix. p. 150; vol. li. p. 274 
and 329,) lead him to believe that both the incident and reflex motor 
nervous action are in the oesophagus conveyed by filaments of the 
vagus nerve, at least in the rabbit.* 

In the true serpents, in which the superior maxillary bones can 
be in some measure separated from each other like the two halves 
of the inferior maxilla, and in which, by means of the long ossa 
quadrata extending from the movable temporal bones to the lower 
jaw, the throat is capable of great dilatation, the act of swallowing 
consists, as Rudolphi aptly remarked, in the organs of deglutition 
being drawn over the bulky prey. 

Injluence of the epiglottis in deglutition. —M. Magendie* has 
confirmed the observation made originally by Galen that the rima 
glottidis itself is closed during deglutition. But he has gone too far 
in admitting that removal of the epiglottis does not prevent degluti¬ 
tion being performed. Even allowing this conclusion, which M. 
Magendie has deduced from experiments on animals, to be correct, 
it is equally certain, as the numerous records of cases in which the 

* For further information respecting the functions of the vagus nerves, see the 
Fourth Book, 2d Section, Chap. II. 

* Memoires sur I’usage de I’Epiglotte dans la Deglutition. Paris, 1813. 
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epiglottis had been lost by ulceration, and Reichel’s experiments (De 
usu epiglottidis. Berol. 1816,) show, that the movements of degluti¬ 
tion are thereby impeded.* 

In cetaceous animals, the upper portion of the larynx, which in 
these animals is bill-shaped, is drawn up towards the nasal cavities 
during swallowing; and the food,, pressed backwards by the tongue, 
passes by its sides into the pharynx. No animals except Mammalia 
have a velum palati, or, with few exceptions, an epiglottis. 

2. Movements of the oesophagus .—M. Magendie has observed 
the singular fact of the occurrence of rhythmic contractions of the 
lower part of the oesophagus independently of deglutition. I have 
myself since seen these contractions; they proceed downwards with 
great rapidity towards the cardiac orifice of the stomach, and con¬ 
tinue about thirty seconds; according to M. Magendie, their duration 
is longer in proportion to the fulness of the stomach at the time, being 
sometimes as much as ten minutes. The contraction, according to 
my observation, passes gradually into a state of relaxation, which is 
again succeeded by contraction. While the oesophagus was con¬ 
tracted, M. Magendie was unable to force any of the contents of the 
stomach into it; but, during its relaxed state, fluids escaped into the 
oesophagus from the stomach by the force of gravity alone, and were 
either expelled by the mouth,—which, however, happened rarely,— 
or, which was usually the case, were repelled into the stomach by 
the renewed contraction of the oesophagus. It is evident, therefore, 
that the cardiac orifice cannot be regarded as at all times strongly 
closed. It is probable that the relaxation of the oesophagus is more 
frequent in dyspepsia, and, if so, it will be easy to explain the occur¬ 
rence of eructation—the rising of air and food into the mouth—in 
persons labouring under it, whether we attribute the escape of the 
ingesta from the stomach to contractions of that viscus at t^ie 
moment of the relaxation of the oesophagus, or to diminution of the 
capacity of the abdominal cavity consequent on the contraction of 
the diaphragm. 

The experiments of Magendie, Legallois, and Bedard, have de¬ 
monstrated that in the act of vomiting the oesophagus performs an 
anti-peristaltic motion, the reverse of that which it executes in de¬ 
glutition. When vomiting had been produced by the injection of 
tartar emetic into the veins, the anti-peristaltic motions of the oeso¬ 
phagus still continued, even though it had been separated from the 
stomach. [Lund. loc. cit. p. 15.) 

3. Movements of the stomach during digestion. —The contrac¬ 
tions of the strong muscular gizzard of the granivorous birds must 
be very forcible, and the stomach of many Crustacea, and of orthop¬ 
terous insects, has certainly a mechanical action; but the motions of 
the membranous stomach of other animals and man appear to be, in 
the healthy state, very feeble. When we open animals still living, 
we always observe, it is true, that the stomach embraces tightly its 

♦ On this subject, consult Rudolphi’s Physiologie, ii. 378; and Lund, Vivisec- 
tionem; Copenhagen, 1825, p. 9. 
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contents, but yet it presents a most striking contrast to the incessant 
peristaltic motions of the intestines, which are especially active under 
the stimulus of the air. 

Tiedemann and Gmelin state that they have excited contractions 
of the stomach by mechanical irritation of the nervus vagus; but 
neither irritation of the nervus vagus in rabbits, dogs, and carnivo¬ 
rous birds, nor irritation of the coeliac ganglion in the rabbit, has in 
my experiments appeared to exert the slightest influence on the 
stomach. The irritation must be applied to the stomach itself, and 
it then produces immediate contraction. 

In Dr. Reid’s experiments* it frequently happened that muscular 
contractions of the oesophagus induced by irritating the nervus vagus 
in the neck, extended over the cardiac extremity of the stomach; 
where, however, they were evidently slower, and more prolonged and 
vermicular than in the oesophagus. Dr. Reid is himself doubtful 
whether these movements of the stomach depend on the direct in¬ 
fluence of motor fibres of the vagus. 

It is evident, therefore, that those writers must greatly err, who 
ascribe much importance to the motions of the stomach in effecting 
the division of the food. I have never seen the peristaltic motions of 
the stomach distinctly; and shall therefore give M. Magendie’s de¬ 
scription of them.t 

The stomach in the first period of digestion is uniformly distended, 
but the whole extent of the pyloric portion afterwards contracts; the 
chyme into which the food is converted collects in the pyloric por¬ 
tion, while the portion of food which has been less acted on, remains 
in the splenic extremity of the stomach. The peristaltic motions, 
which are stated by M. Magendie to continue even after the nervi 
vagi have been divided, are described as follows:—After the stomach 
has been for some time motionless, the gastric end of the duodenum 
contracts, then the pylorus, and the pyloric portion of the stomach, 
by which means the chyme is pressed towards the splenic portion. 
But the pyloric portion having become relaxed so as to permit the 
chyme to enter it again, now contracts from left to right, impelling 
the chyme towards the duodenum, and as much of the food as has 
undergone the necessary solution in the stomach passes through the 
pylorus into the intestines. These motions are repeated several 
times, then cease, to be renewed after a certain interval. While the 
stomach is full, the motions are limited to the region of the pylorus; 
but, in proportion as it empties itself, the motions become more ex¬ 
tended, and, when the organ is nearly empty, they are seen even in 
the splenic region. 

Schultz (2>e Alimentorum Concoctione. Berol. 1834,) imagines 
that where the stomach has a dilated fundus, as in the rabbit and 
horse, its motions are such as to cause the food to perform a circular 

^ ♦ Edin. Med. and Surg. Journal, vol. li. p. 308; and the American republica¬ 
tion, in volume form. 

f Free, element, de Physiol. 2d edit. t. ii. p. 87. Dr. Milligan’s Translation, 
4th edit. p. 286. 
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movement along the two curvatures; while in the carnivora, in which 
the fundus or splenic extremity is less dilated, the food is thrown 
backwards and forwards to and from the pylorus; and hence it is, 
he supposes, that the former animals vomit with difficulty, the latter 
more readily. 

The motions of the stomach have been observed by Dr. Beaumont 
in a man who, in consequence of a gun-shot wound, had a consider¬ 
able opening in the stomach, the margins of which had united with 
the borders of a wound in the abdominal parietes.* 

He found that, when the digestion was not going on, the stomach 
was contracted; that the food, as soon as it entered the stomach, was 
moved from the fundus along the great curvature from left to right, 
and then along the lesser curvature from right to left. He perceived 
the effect of the same motions in the changes of position which the 
bulb of a thermometer introduced into the stomach underwent. 
These circular motions occupied from one to three minutes. They 
increased in rapidity as the process of chymification advanced. 

Dr. Beaumont observed, likewise, that the beginning of the conical 
part of the stomach, about three inches from the small extremity, 
was the seat of peculiar contractions and relaxations. The bulb of the 
thermometer, when placed at that point, was tightly embraced from 
time to time, and retracted towards the pylorus for a distance of three 
or four inches. 

During the first period of digestion the pyloric orifice seems to be 
quite closed. Its contraction is, according to Wepfer, and Tiedemann 
and (imelin, sometimes so strong, that, even when the stomach is 
separated from the intestines, none of its contents escape. Mr. Aber- 
nethy, too, states that in the human subject fluids do not at first pass 
at all readily through the pylorus; for in the case of a person who 
had been poisoned with opium, and into whose stomach a large 
quantity of fluid had been injected during life, all the fluid was found 
to be still retained in the stomach after death. M. Magendie believes 
that the greater part of the fluid taken into the stomach is absorbed 
directly from it; nevertheless he remarks that in the horse the water 
taken into the stomach passes quickly through the pylorus, and so 
finds its way as far as the capacious caecum, and that even the solid 
food escapes in part through the pylorus. Mr. Coleman gave a horse 
to drink, and after the lapse of six minutes the water was found to 
have passed through the pylorus and small intestines, even as far as 
the caecum. {Abernethy^s Physiological Lectures, 180.) 

Towards the termination of the digestive process the pylorus 
seems to offer a more feeble resistance to the passage of substances 
from the stomach, for it is known to allow the transit even of undi¬ 
gested substances, such as cherry-stones, and other larger bodies. 
The central constriction of which the stomach was by Sir E. Home 
imagined to be the seat during digestion, has never been actually 

* Experiments and Observations on the Gastric Juice, and the Physiology of 
Digestion, by W. Beaumont. Boston, U. S. 1834. Reprinted with notes by Dr. 
A. Combe. Edinburgh, 1838. See also Dr. Dunglison’s Physiology. 
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observed. Neither Tiedemann nor I have seen anything of the kind 
in dogs. 

4. Rumination. —In ruminating animals the oesophagus opens 
immediately into the first and second stomachs, but is continued 
onwards to the third stomach in the form of a groove, or half canal, 
with thick lips. It appears from the observations of Flourens {Revue 
EncydopMique; Paris, Nov. 1831, p. 542,) on the sheep, that the 
food, whether it consists of grass, oats, or turnips, passes at once into 
the first and second stomachs simultaneously. A finely divided sub¬ 
stance—as a mash of chewed turnips—was given to a sheep, and it 
was found to pass into the first and second stomach while a small 
portion reached the third. The food, softened by the action of the 
saliva, and the secretions of the first and second stomachs, is re¬ 
turned from them, by a movement like that of eructation, to the 
mouth, and, after being a second time chewed, is again swallowed. 
With the view of discovering what takes place in this second degluti¬ 
tion, Flourens made into the different stomachs in different animals 
artificial openings, which he could close when he did not wish to 
observe what was going forward within. By this procedure he 
found that, when the food is swallowed the second time, a part of it 
still passes into the paunch and reticulum, but that a large portion 
follows the oesophageal groove or canal into the third stomach.* 
Flourens offers the following explanation of the different course taken 
by the food before and after rumination:—When first swallowed, 
the morsels, he says, are large, and dilate the oesophagus so as to 
diminish the groove leading from it to the third stomach, and there¬ 
fore necessarily enter the paunch. After rumination, however, the 
food is soft; and, without dilating the oesophagus, follows the groove 
which leads to the third stomach, although a small portion may still 
enter the first. If the rhythmic contractions of the lower part of the 
oesophagus during digestion, observed by M. Magendie and myself in 
other animals, take place likewise in ruminants, they would cause 
the lips of the groove leading to the third stomach to meet so as to 
form an entire canal, through which food finely divided by rumina¬ 
tion would pass, though the large morsels of food, when first swal¬ 
lowed, would dilate it.t 

With respect to vomiting in the Ruminantia, M. Flourens found 
that, while the first two stomachs have the power of returning the 
food to the mouth for rumination, the fourth stomach, by which the 
act of vomiting is performed, is with very great difficulty excited to 
execute the necessary movement.^ 

5. Vomiting. —Vomiting is an anti-peristaltic motion of the sto- 

* According to M. Haubner (Ueber die Magenverdauung der Wiederkaiier nach 
Versucben, 1837-8, and Muller’s Arcbiv, 1838, p. clxvi.) the food after rumination 
again enters the first stomach and is by it transferred in successive portions to the 
third stomach. The main facts relative to the course taken by the food in rumi¬ 
nating animals, are described by Haubner nearly in the same manner as by 
Flourens. 

t See also Bertbold, Beitrage zur Anat. Zoot. u. Pbysiol. Gott. 1831. 

If See the paper of M. Flourens in the Ann. des Sc. Nat. t. viii. p. 50. 
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mach and ojsophagiis, and sometimes of a part of the intestines like¬ 
wise, attended with nausea, and accompanied by violent contractions 
of the abdominal muscles and diaphragm; it is excited by any violent 
irritation acting either immediately upon the pharynx, oesophagus, 
stomach, or intestine, or upon the nerves going to them; and it takes 
place also when substances capable of irritating the organs which 
we have named are introduced into the circulation from other parts 
of the system. Thus, vomiting is excited by mechanical irritation 
of the pharynx by means of a feather or the finger, or even by a 
morsel of food retained too long at that part; by all substances which 
irritate the stomach either mechanically or chemically; by inflamma¬ 
tion of the stomach or intestinal canal; by the strangulation of a her¬ 
nia, or intus-susception of a portion of intestine; by irritation of the 
brain, or interruption of the cerebral influence in consequence of 
division or ligature of the vagi nerves; sometimes even by the move¬ 
ments accompanying coughing; and, lastly, by injuries to the head, 
and the injection of tartar emetic into the veins. All substances 
which, when their action is moderate, promote the peristaltic motions 
of the irritated parts, by a more violent operation cause these motions 
to become reversed, and by nervous sympathy excite other parts not 
previously acted on to concur in the production of vomiting. The 
state of the posterior palatine arch is stated by Dzondi to be the 
same during vomiting as in deglutition, with the exception that the 
inclined plane formed by the approximation of the sides of the arch 
to each other is more raised, and that the uvula is shortened by the 
action of its muscles. This arrangement of the parts directs the 
matters vomited into the mouth, and prevents their entering the 
nostrils; although, on account of the sides of the posterior arches, 
even when drawn together, not meeting accuratelv at the lower 
part, a passage is left from the pharynx to the posterior nares, and 
matters vomited are therefore sometimes thrown into the latter 
cavities. Carnivorous animals vomit readily, the horse with great 
difficulty. 

Action of the stomach in vomiting .—The opinion that the sto¬ 
mach itself has no share in the act of vomiting, which had been 
already advanced by Bayle, Chirac, Senac, and John Hunter, but 
was refuted by Haller, has been again revived by M. Magendie, who 
maintains that the stomach is itself quite passive during vomiting, 
and that the expulsion of its contents is effected solely by the pres¬ 
sure exerted upon it when the capacity of the abdomen is diminished 
by the contraction of the diaphragm and abdominal muscles. M. 
Magendie injected tartar emetic into the veins of dogs, and in other 
instances gave it by the mouth, but he never saw the stomach itself 
contract; and if in such cases he drew the stomach out of the ab¬ 
dominal cavity, vomiting was prevented until he returned the viscus 
to its natural situation, when vomiting immediately ensued. Pres¬ 
sure with the hand had the same influence as the abdominal muscles; 
and even the action of the diaphragm alone, pressing against the 
linea alba, was sufficient to produce vomiting when the abdominal 
muscles had been cut away. Division of the phrenic nerve put a 
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Stop to the vomiting. M. Magendie states, that, when the stomach 
was removed, and a pig’s bladder connected with the oesophagus in 
its stead, vomiting was produced in the same way as when the sto¬ 
mach itself remained uninjured. 

M. Magendie’s conclusions were controverted, however, by M. 
Maingault, who stated that he had seen vomiting occur when both 
the diaphragm and abdominal muscles had been divided. This 
gave rise to further investigation, and the committee appointed by 
the Academy of Paris found, that without external pressure on the 
stomach vomiting could not take place, but that this pressure need 
only be very slight; for that, after the abdominal muscles had been 
divided, and the diaphragm paralysed, fluid could be pressed from 
the stomach into the cesophagus by the inferior ribs being drawn 
down upon the epigastric region: they perceived no motion of the 
stomach itself, except the circular contractions in the neighbourhood 
of the pylorus, which, they say, occurred independently of the act of 
vomiting(?). Rudolphi, on the contrary, saw such motions of the 
stomach during vomiting after the abdominal muscles had been di¬ 
vided.* Magendie’s experiment with the pig’s bladder does not 
prove much; and Rudolphi justly remarks that the tartar emetic 
injected into the veins in this experiment must have excited antiperi- 
staltic motions of the oesophagus, by which the contents of the sto¬ 
mach might be, as it were, pumped up, and that the quantity of the 
fluid expelled was in fact very small. The experiment, indeed, loses 
all its apparent importance when we consider that the condition 
which ordinarily prevents the escape of the contents of the stomach 
into the oesophagus,—namely, the contraction of the lower ex¬ 
tremity of this latter,—would not exist when the oesophagus was cut 
through, so that from the slightest cause any fluid would escape 
through it. An important circumstance, which has hitherto been 
too much disregarded, is the existence of a kind of imperceptible con¬ 
traction of the whole stomach, by which its entire volume is dimin¬ 
ished without individual parts being seen to contract. I have often 
observed such a contraction of the stomach when vomiting was not 
taking place. The contraction of the stomach during vomiting ap¬ 
pears to me to be an indubitable fact, for it can be felt by the person 
about to vomit, although it has not so great a share in the production 
of vomiting as has been ascribed to it; for the stomach is able to 
propagate the irritation applied immediately to itself to other muscles. 

Jiction of emetics .—The propagation of local irritation of the 
stomach by sympathy to other muscles,—particularly the abdominal 
muscles and diaphragm,—is no longer a mere hypothesis; I repeat¬ 
edly found that 1 could produce contraction of the abdominal muscles 
in a rabbit by lacerating with a needle the nervus splanchnicusof the 
left side, at the inner border of the supra-renal capsule. (In the dog 
the experiment did not succeed.) Now, since the nervus splanch- 

* In Lund’s work (Vivisectionem, &c.) will be found experiments on the sub¬ 
ject by Portal, Bourdon, Bedard, and Merat, whose conclusions were opposed to 
Magendie’s opinion; and others, by Rostan, Piedagnel, and Goudret, which were 
favourable to his view. But none of them are very decisive. 


358 


CAUSES OP VOMITING. 


nicus is the medium of communication between the sympathetic 
nerve and the coeliac ganglion, while the coeliac ganglion, again, is 
connected with the spinal nerves, and through them with the spinal 
cord; it follows, that irritation of the splanchnic nerve may be com¬ 
municated either immediately; or through the medium of the spinal 
cord, to the nerves of the abdominal muscles. This observation, in 
my opinion, renders M. Magendie’s theory of the action of emetic 
medicines very improbable. He supposes that emetics introduced 
into the stomach are first taken up into the circulation, and thence 
affect the different organs concerned in the act of vomiting, in the 
same way as tartar emetic injected into the veins in other parts. But 
the fact that the splanchnic nerve has the power of exciting contrac¬ 
tions of the abdominal muscles, is alone almost sufficient to prove 
that the vomiting produced by substances taken into the stomach 
owes its production to the local irritation being propagated through 
the nerves, and when it is produced by mechanical irritation of the 
stomach or intestines, by inflammation of the stomach or intestines, 
or by mechanical irritation of the pharynx, or more correctly the 
fauces, [See Dr. Marshall HalVs Mem. on the Nervous System^ p. 
97,) it can be explained in no other manner.* 

It being very probable, then, that emetics introduced into the 
stomach excite the movements of vomiting through the medium of 
nervous communication, the question arises, whether the irritation in 
such cases is communicated to the brain by the vagus nerve espe¬ 
cially, or to the brain and spinal cord by the splanchnic and sympa¬ 
thetic nerves, the auxiliary motions in the act of vomiting being in 
either case excited by the influence transmitted to the diaphragm 
and abdominal muscles from the brain and spinal cord through the 
medium of the spinal nerves. The experiment already mentioned, 
which shows that the splanchnic nerve has the power of exciting 
contractions of the abdominal muscles, is a proof that that nerve has 
a share in the propagation of the irritation. The fact that vomiting 
is produced by irritation of the pharynx, which is principally supplied 
by branches of the vagus, proves, on the other hand, that the vagus 
is implicated in it. It is therefore certainly probable that both vagus 
and splanchnic nerve act simultaneously in transmitting the irritation 
when emetic agents act on the stomach and intestine. 

The vomiting which is excited by division or ligature of the nervus 
vagus [Mayer, in Tiedemann^ Zeitschrift,\\\. 62.) is to be explained 
in the same way. The irritation arising from the ligature of the 
nerve, and even from the contusion which attends its division, is 
communicated to the brain; and the inflammation of the ends of the 
nerve, which necessarily ensues, produces the same impression on the 
brain, through the medium of the portion of nerve still connected with 
it, as is produced by irritation of the extremities of the nerves in inflam¬ 
mation of the stomach itself: the same result—vomiting—follows in 
both cases. The division of other nerves, likewise,—for instance, of 

* See Magendie’s M^moire concernant I’influence de I’emetique, etc. Nouv. 
Bull, de la Soc. Philom. t. iii. p. 360. 
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the optic nerve, in extirpation of the eye,—sometimes excites vomit¬ 
ing. The observation, that whatever be the dose of an emetic or a 
purgative given to dogs on which a section of the nervi vagi has been 
made, no operation follows, is adduced by Brachet {Recherches sur 
les fonctions du Systlme Ganglionaire) as an argument for the 
nervus vagus having a share in transmitting to the brain the irritation 
of the stomach, which excites vomiting. The observation itself, how¬ 
ever, is opposed to the fact that vomiting ensues spontaneously in dogs 
after the division of the vagus. 

When vomiting arises from an affeqtion of the brain itself, the irri¬ 
tation is communicated in part directly to the stomach, and in part to 
the spinal nerves and to the diaphragm and abdominal muscles, in 
consequence of the spinal marrow being likewise affected. The usual 
opinion is that the irritation being excited in the vagus nerve by the 
cerebral affection, that nerve excites contractions of the stomach: but 
this it is difficult to believe; for, distinct as are the contractions of the 
oesophagus which may be excited by irritation of the nervus vagus 
mechanically or by galvanism, I have never succeeded in producing 
even a single distinct contraction of the stomach by that means, al¬ 
though I have made repeated experiments with that view on rabbits, 
and carnivorous and granivorous birds, and have employed the 
strongest mechanical irritation, and even a very powerful galvanic 
pile, the vagus being in the last case insulated. Even the muscular 
gizzard of birds cannot be made to contract in the slightest degree. 
M. Magendie and Mr. Mayo have made similar observations. The 
motions of the stomach, like those of the intestines, appear to be 
wholly dependent on the sympathetic nerve. The peristaltic motions 
of both continue when they are removed from their connections in 
the body; Wepfer observed this of the stomach, and others have 
noticed it with regard to the intestines. 

The mode of action of emetics introduced into the circulation still 
remains to be considered. There is no very evident explanation for 
it, or rather we do not possess sufficient data to enable us to deter¬ 
mine the question in a decided manner. It is in fact a matter of in¬ 
difference whether an irritant is applied to the mere surface of an 
organ, or acts more directly on the parenchyma, through the medium 
of the blood which traverses it. Thus arsenic excites inffammation 
of the stomach, even when applied primarily to other parts of the 
body. Hence it appears probable that the tartar emetic introduced 
into the blood acts on the organs which participate in the act of 
vomiting through the medium of their blood-vessels. But it is still 
a matter of doubt whether its more important action is upon the 
organs from which the nervous energy for the movements of vomit¬ 
ing are derived, or upon the organs of motion themselves. 

6. Motions of the intestines .—The vermicular^ or peristaltic 
movements of the intestines, like those of the stomach, appear to be 
generally very feeble during life; it is only in a nervous state of the 
system, in dyspepsia, in spasmodic action of their muscular coats, 
and particularly in intestinal irritation or diarrhoea, that the action of 
the intestines becomes more rapid. When an animal is opened 
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during life, the peristaltic motions are at first scarcely perceptible, 
but by exposure to the air they are soon increased in force, and be¬ 
come extremely energetic; the intestines rise and fall, and propel 
onwards their contents, generally in the direction of the rectum. If 
a stimulus, whether mechanical or chemical, or the galvanic influ¬ 
ence, is applied to any part of the intestines, contraction takes place, 
and the intestine by degrees becomes very narrow at that point, the 
greatest degree of contraction not ensuing until after the action of 
the stimulus has ceased; the subsequent relaxation is likewise gra¬ 
dual. A strong galvanic shock applied to the splanchnic nerve insu¬ 
lated on a plate of glass, or to the coeliac ganglion, gives rise to a 
generally increased activity of the peristaltic movements, while 
neither division of the vagus nor of the sympathetic nerve puts a 
stop to them: they continue even after the intestine is removed from 
the body. 

The sphincter ani is always in a contracted state except at the 
time of the evacuation of the faeces. It seems to have, in common 
with all muscles, a slight degree of the power of constant contraction, 
which does not become sensible until the antagonising muscles are 
divided. But the accumulation of the faeces in the rectum, and the 
irritation produced thereby, cause a stronger contraction of the 
sphincter, which continues till it is overcome by the increasing pres¬ 
sure of the excrement. The sphincter may by an effort of the will 
be made to contract more strongly, but it cannot be made to relax. 
The contraction of the sphincter ani is in some rare cases overcome, 
and the faeces, when of soft consistence, are expelled by the mere 
involuntary contraction of the rectum, without the aid of the abdomi¬ 
nal muscles. Legallois and Bedard, ( Bull, de la Fac. et de la Soc. 
de MM. 1813, N. 10,) indeed, state that they have seen this occur 
after the abdominal muscles had been removed. Usually, however, 
the diminution of the capacity of the abdomen by the contraction of 
the diaphragm and abdominal muscles with the voluntary action of 
the levator ani, are necessary to effect the expulsion of the fseces. 
But all these voluntary muscles contract involuntarily and spasmo¬ 
dically, as in vomiting, when the irritation excited by the fseces has 
continued for a long time, and is become very great. 

The muscular action of the rectum may be paralysed in conse¬ 
quence of injuries or disease of the spinal marrow (and brain), and 
this may give rise to incontinence or permanent retention of the 
faeces, according as the paralysis affects more particularly the sphinc¬ 
ter ani or the rectum and abdominal muscles. Division of the 
phrenic nerves, and the consequent paralysis of the diaphragm, are 
said by Krimer not to prevent the expulsion of the faeces, although 
such is the effect of dividing the abdominal muscles, or the spinal 
cord between the fifth and sixth vertebrae, in dogs. Dr. Marshall 
Hall [Memoirs on the Nervous Syste7n, p. 13,) has shown that the 
sphincter ani is under the influence of the lower extremity of the 
spinal cord, and that when this part of the nervous centres is de¬ 
stroyed, the sphincter becomes flaccid, and does not contract on the 
application of a stimulus. 
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CHAPTER IV. 

OP THE SECRETIONS POURED INTO THE DIGESTIVE CANAL. 

1. Saliva. —There seems to be a secretion of saliva in almost all 
animals, with the exception of the Cetacea and fishes. Whether the 
secretion of the poison glands with which some serpents* (and Arach- 
nida also) are provided, contributes to the solution of the food, is 
not known. An analogy has been supposed to exist between such 
secretions and the saliva of rabid animals, but there is no foundation 
for the comparison; since the poisonous property of the saliva in 
rabies is not an essential quality of it, and it appears from the expe¬ 
riments of Hertwig, at the veterinary school of Berlin, that other 
secretions of rabid animals, and at all events their blood, are capable 
of producing the disease by inoculation. This does away likewise 
with the inference deduced from a circumstance which has been 
asserted to occur, namely, the assumption of a poisonous quality by 
the saliva under the influence of passion. The material changes in 
the body consequent on violent affections of the mind are general, 
implicating several secretions simultaneously; they have been par¬ 
ticularly observed in the milk. Moreover, it has not been proved 
that the bites of enraged animals differ from common lacerated 
wounds. 

The quantity of the salivary secretion has been made the subject 
of observation by Dr. C. G. Mitscherlich in a man who had fistula of 
the stenonian duct. He found that when the muscles concerned in 
mastication, and the tongue, were completely at rest, and the nerves 
were subject to no unusual stimulus, the secretion ceased, but that 
it was excited by the opposite circumstances. The quantity of the 
saliva secreted by one parotid in a healthy man during twenty-four 
hours was from sixty-five to ninety-five grammes (about from two 
to three ounces troy); and the saliva collected from the mouth during 
the same period, and derived from the five other salivary glands, 
amounted to six times more than that from the one parotid.f In the 
same space of time Schultz collected from the stenonian duct of a 
horse fifty-five ounces seven drams of saliva, of which twelve ounces 
were secreted during the first feeding-time, which occupied two 
hours; and ten ounces nine drams during the three hours which 
elapsed between the first and second feed. {Schultz^ de Miment. 
Concoctione. Berol. 1834. 

The chemical composition of the saliva has been examined in an 
admirable manner by Berzelius, by Gmelin, and by Mitscherlich. 

The saliva obtained from the mouth is a viscous fluid consisting 

* For an account of the effects of the bite of poisonous serpents, consult Fontana 
liber das Viperngift; Berlin, 1787, p. 15: Traite sur le Venin de la Vipere; and 
Rengger, in Meckel’s Archiv. 1829. 

I Mitscherlich, fiber den Speichel des Menschen. Rust’s Mag. 1838. 
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of a mixture of saliva and mucus. Berzelius, having collected it in 
a deep narrow vessel, found that it separated into an upper trans¬ 
parent and colourless fluid, and a lower portion, which was a mix¬ 
ture of the same fluid and a v/hite opaque matter. By previously 
mixing the saliva with water, and agitating them together, Berzelius 
was enabled to separate more completely the mucus, which sank to 
the bottom of the vessel. 

Saliva varies as to acid or alkaline reaction. Tiedemann and 
Gmelin found it to be generally slightly alkaline, sometimes neutral, 
never acid. Schultz states that it is acid in the adult when it has 
been retained long in the mouth, but that it is always alkaline in 
children. The saliva of dogs and sheep collected from the parotid 
duct, was found by Gmelin to be alkaline. C. H. Schultz also states 
as the result of hiS observation, that the saliva of the human subject 
is generally alkaline, one drachm requiring one drop of acetic acid to 
neutralise it. He found the saliva of the horse also alkaline: and he 
asserts that, after the saliva had been neutralised, it gradually re¬ 
covered its alkaline property. Dr. Mitscherlich found the saliva 
which he collected from a fistula of the parotid duct to be alkaline 
during a meal, but acid at other times. The alkalescence of the 
saliva is stated by Schultz to be dependent on the presence of am¬ 
monia. Mitscherlich, on the contrary, asserts that fresh saliva 
evolves no ammonia when heated, and that its alkaline property is 
owing to its containing a fixed alkali. 

The observations of Sebastian and Van Setten, (Diss. de saliva 
ejiisque vi et utilitate. Groning. 1837-8,) and of Mr. Laycock, 
{Med. Gaz. Oct. 1837) seem to show that the reaction of the saliva 
may vary from acid to alkaline under the influence of many very 
trifling circumstances. It appears to be very seldom quite neutral. 
Seven observations on the reactions of the saliva, which the trans¬ 
lator had recently the opportunity of instituting in a case of fistula 
of the parotid duct, tended to confirm Mitscherlich’s statement, that 
the saliva becomes alkaline when food is taken, but is acid at other 
times. 

The specific weight of the fresh saliva obtained by Mitscherlich 
was from 1.0061 to 1.0088; that of the horse’s saliva, examined by 
Schultz, was 1.0125. 

Saliva contains globules in very small number; they have been 
observed by Leeuwenhoeck, Weber, Tiedemann, and myself; they 
are transparent, and, according to Weber, are larger than the red 
particles of the blood. 

The solid particles floating in the saliva are in part scales of 
epithelium separated from the surface of the mucous membrane of 
the mouth; in part mucous globules poured out by the mucous fol¬ 
licles; and in part probably the nucleated globules, which, according 
to Henle, are formed as secondary cells within the terminal vesicles 
of the salivary secreting canals. 

Berzelius estimates the amount of solid matter which saliva holds 
in solution, at about 1 per cent. The mass which remains when 
saliva is evaporated, is transparent; alcohol extracts from it a small 
quantity of osmazome, with some chloride of sodium and potassium, 
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and lactate of an alkali. The matter which is not dissolved by the 
alcohol, is slightly alkaline, and contains soda. The residue, when 
this soda is removed, is found to consist of mucus, which constitutes 
^d, and a peculiar substance called salivary matter, which has been 
rather differently described by Berzelius, Mitscherlich, and Tiede- 
mann and Gmelin. From the mucus which remains after the ex¬ 
traction of the salivary matter by means of cold water, Berzelius 
obtained a large quantity of phosphate of lime, from which probably 
the tartar of the teeth is formed, since it consists of phosphate of lime. 

The following are the results of Tiedemann’s and Gtnelin’s ana¬ 
lysis. By evaporating the saliva of the human subject, they ob¬ 
tained from 1‘14 to 1*19 per cent, of solid residue; this yielded 0-25 
part of ashes, of which 0-203 were soluble in water, and 0-047 
were earthy phosphates. 100 parts of the residue of diluted saliva 
gave:— 

A substance soluble in alcohol, and insoluble in water, (fat containing 
phosphorus,) ....... 

Matters soluble both in alcohol and water, (osmazome, chloride of potas¬ 
sium, lactate of potash, and sulpho-cyanuret of potassium,) . 

Animal matter soluble in boiling alcohol, but precipitated during cooling, 
with sulphate of potash, and some chloride of potassium. 

Matters soluble in water only, (salivary matter, with abundant phosphate 
and some Sulphate of an alkali and chloride of potassium,) . 

Matters soluble neither in water nor in alcohol, (mucus, perhaps some 
albumen, with alkaline carbonate and phosphate,) . 

92-60 

The saline ingredients of the saliva are, according to Br. Mitscher¬ 
lich:— 

Chloride of potassium, . . . . . 0-18 per cent 

Potash, (combined with lactic acid,) . . . 0 094 

Soda, (combined with lactic acid,) . . . 0 024 

Lactic acid, , . 

Soda, (probably combined with mucus,) . . 0-164 

Phosphate of lime, . . . . . 0 017 

Silicic earth, . . . . . , . 0-015 

The proximate organic principles obtained from the saliva by Mit¬ 
scherlich are similar to those which Berzelius enumerates. 

The matter which Tiedemann and Gmelin have shown to be sul- 
phocyanogen was first discovered to be an ingredient in the saliva 
by Treviranus, [Biologie^ iv. 565:) he found that saliva became of a 
deep red colour when mixed with a neutral solution of a salt of the 
peroxide of iron. This was confirmed by Tiedemann and Gmelin; 
but 1 must remark that, in my experiments, whatever per-salt of 
iron I might add, the colour produced was only rust-red, not purple. 
Dr. Ure {Journal of Science, Literature, and Jirts, N. S. vii. p. 60,) 
regards the existence of sulpho-cyanogen in the saliva as established 
beyond all question by his experiments(?). 

Van Setten* regards the presence of sulpho-cyanic acid in the 
saliva as almost certain, since the watery solution of the alcoholic 
extract distilled with phosphoric acid yielded a fluid which with 

* Diss. de Saliva ejusque Vi et Utilitate; and Muller’s Archiv. 1838, p. clxiv. 


31-25 


1-25 

2000 

40-00 





364 


THE GASTRIC JUICE. 


chloride or iron produced the red colour of sulpho-cyanate of iron. 
He may have mistaken the colour; but he states that by decomposing 
saliva with which a solution of baryta was mixed, he obtained sul¬ 
phate of baryta, which certainly seems to prove that the saliva con¬ 
tains sulphur. 

Of the animal matters of the human saliva,—namely, salivary 
matter, mucus, and osmazome,—the first was found by Tiedemann 
and Gmelin to be almost wholly wanting in the saliva of the sheep, 
the last in that of the dog. 

The tartar which collects on the human teeth has been analysed 
by Berzelius, who states its composition to be as follows:— 


Salivary matter, .... 

1-0 

Salivary mucus, .... 

Earthy phosphates, .... 

12-5 

79-0 

Animal matter dissolved by muriatic acid. 

7-5 


1000 


The saliva of insects has not been accurately examined; it ap¬ 
peared to Rengger* to be alkaline. 

2. The gastric juice, —The descriptions given of the gastric juice 
by the earlier writers, who made it the subject of examination, were 
quite contradictory. Spallanzani, who sought to prove that the 
gastric secretion is a solvent of the articles of food out of the body 
as well as in the stomach, asserted that it is perfectly neutral; while 
Montegre {Sur la Digestion. Paris, 1804,) found it to be gene¬ 
rally acid, although he denied its solvent power. Helm [Zivei 
Krankengeschichten. Wien, 1803,) detected no acidity in the gas¬ 
tric fluid obtained from a patient who had a fistulous opening com¬ 
municating with the stomach; Viridet, Carminati, Brugnatelli, and 
Werner, on the contrary, observed its acid property. The discre¬ 
pancy of these statements was, however, in some measure explained 
by the experiments of Carminati, (uber die Natur des Magensaftes. 
Wien, 1785,) who found that the gastric fluid obtained from car¬ 
nivorous animals while fasting, was never acid, but became distinctly 
so as soon as food was taken. He remarked that the gastric juice 
of herbivorous animals also was acid, but detected no remarkable 
acidity in that of man and animals of mixed food. Tiedemann and 
Gmelin have finally determined the question. They ascertained that 
the fluid in the stomach of horses and dogs, while the animals were 
fasting, was nearly neutral, or only very slightly acid; but that it 
acquired a marked degree of acidity as soon as mechanical irritants, 
such as stones or peppercorns, were introduced into the stomach. 
Leuret and Lassaigne have made the same observation. It was the 
secretion of the stomach only that was acid in these cases; no acidity 
could be detected in the cesophagus. 

The gastric juice has hitherto been examined by no one in such 
large quantity, in such a pure state, and so frequently, as by Dr. 
Beaumont, {op. cit.) who, during several years, carried on a long 

* Physiol. Untersuch. iiber die thierische Haushaltung der Insecten. Tub. 
1817. 
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series of experiments, relative to digestion, on the young man, 
(Alexis Martin,) in whom a large opening communicating with the 
stomach remained after a gun-shot wound. Dr. Beaumont confirms 
the statement, that the stomach when empty secretes no gastric juice, 
and that the fluid which moistens its surface in that state is not acid, 
but becomes so as soon as food is taken. Schultz, who wholly denies 
the existence of a gastric juice, and attributes the acid reaction of 
the chyme to decomposition of the food itself, could not but perceive 
an objection to his theory in the fact observed by Tiedemann and 
Gmelin, that the secretion of gastric juice can be excited in animals 
when the stomach contains no food, by the introduction of mechanical 
stimuli, such as stones; and he explains the acid property of the fluid 
in the stomach in these cases by supposing it to be the remains of 
acid chyme. The numerous experiments of Dr. Beaumont, how¬ 
ever, render it impossible for the existence of a gastric fluid to be 
any longer doubted. Having ascertained that the stomach was 
empty, and that its coats evinced the presence of no free acid, he 
irritated it mechanically by introducing through the wound a caout¬ 
chouc tube, or the bulb of a thermometer, and observed that, how¬ 
ever often the experiment was repeated, a pretty copious acid fluid 
was each time poured out; he was frequently able to obtain by this 
method nearly an ounce of the secretion. 

The degree of acidity, which is an interesting point, has been in¬ 
vestigated by Schultz; and from the mean of his observations, it 
appears, that one part of chyme requires, for its neutralisation, of 
carbonate of potash. 

The source of the gastric fluid seems to be the very simple fol¬ 
licles of the mucous membrane of the stomach, at least in those ani¬ 
mals which have no special glands for its secretion. The structure 
of the mucous membrane of the human stomach has been already 
described. Tiedemann and Gmelin found that the property of co¬ 
agulating milk was possessed, not only by the pyloric, but also by 
the cardiac portion of the stomach. Dr. Beaumont states expressly, 
that the secretion appeared to him to be poured into the stomach of 
his patient by minute lucid points, or very fine papillae. In several 
animals there are distinct gastric glands; we may instance the great 
gastric gland of the beaver, which most probably secretes a fluid 
destined for the solution of barks of trees; there is a similar gland in 
the cardiac portion of the stomach of the Myoxus; and with these 
we may also class the provcntriculus of birds, between the mucous 
and muscular coats of which there is a complete stratum of follicular 
caeca-like glands opening by separate mouths.* 

Chemical analysis. —Dr. Prout {Philos. Transact. 1824, p. 1,) 
was the first chemist who instituted an accurate analysis of the gas¬ 
tric secretion. He showed that the gastric secretion of the rabbit, 
hare, horse, calf, and dog, contains free muriatic acid; and both 
Prout and Children {Annals of Philosophy. July, 1824,) detected 


♦ Sir E. Home’s Lectures on Comparative Anatomy, t. ii.; and J. Muller, de 
Penit. Gland. Struct. 
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the same acid in the fluid raised from the stomach by dyspeptic 
patients. Prevost and Le Royer {Froriep^s Notiz. ix. p. 194,) con¬ 
firmed Front’s observations as to the presence of muriatic acid in the 
gastric juice. Leuret and Lassaigne, it is true, denied it, but Prout 
refuted their objections. 

Tiedemann and Gmelin afterwards detected three acids in the 
gastric juice. 1. Muriatic acid, in the gastric acid of the horse and 
dog. 2. Acetic acid^ in the gastric juice of the same animals. Chev- 
reul has likewise found lactic acid, which is nearly allied to acetic 
acid, in the fluid vomited by a person fasting; and Dr. Graves has 
found it in the matter vomited by a dyspeptic patient. 3. Butyric 
acid was twice detected by the German physiologists in the stomach 
of the horse. 

Schultz distilled the chyme with water, and found that in many 
animals a part of the acid or the whole of it passed over with the 
distilled fluid. He states, as the results of his experiments, that the 
acid of the chyme is free acetic acid; and that the muriatic acid is 
not free, but combined with potash. 

The third and fourth stomachs only of ruminating animals are 
acid, and the acidity is most marked in the fourth. The fluid which 
collects in the first and second stomachs during fasting, is said by 
Prevost and Le Royer to contain a large quantity of alkaline carbo¬ 
nate; and Tiedemann and Gmelin have confirmed this observation. 

Dr. Beaumont describes the secretion of the human stomach, 
which he obtained by irritating the stomach of St. Martin, as follows; 
—It is a clear transparent fluid, without smell, slightly saltish, and 
very perceptibly acid. Its taste resembles that of thin mucilage 
slightly acidulated with muriatic acid. It is readily ditfusible in 
water, wine, or spirits, and effervesces slightly with alkalies; it pre¬ 
cipitates albumen; itself undergoes putrefaction with difficulty, and 
checks its progress in other animal substances. Mixed with saliva, 
it strikes a blue colour and becomes frothy. Dr. Beaumont sub¬ 
mitted a certain quantity for analysis to Professor Dunglison, who 
found it to contain free muriatic acid, acetic acids, phosphates and 
muriates of potash, soda, magnesia, and lime, and an animal matter 
which was soluble in cold, but insoluble in hot water. He sent 
another portion of it to Dr. Silliman, whose analysis, however, loses 
its value, on account of the fluid having been kept several months 
before it was examined. It was still acid, although a pellicle had 
formed on it; it contained muriatic acid, a trace of sulphuric acid, 
and Dr. Silliman suspected the presence of some phosphoric acid. 

The fluid of the crop of birds is, according to Tiedemann and 
Gmelin, usually acid. The secretion of i\\Qproventriculus contains 
a free acid, even at the time that digestion is not going on. The 
gastric secretion of birds coagulates milk. The acidity is owing to 
the presence of muriatic, and probably of acetic acid likewise. It 
has been suggested by Treviranus, [Biologie, iv. p. 362,) that the 
gastric secretion of birds probably contains fluoric acid, since Brug- 
natelli (Crell’s Annalen, 1787, i. p. 230,) has observed that rock 
crystal and agate, enclosed in tubes, and introduced into the stomach 
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of hens and turkeys, were, at the end of ten days, distinctly acted 
on, and had lost ten or twelve grains of their weight; and Trevira- 
nus himself witnessed a similar action on a porcelain capsule, in 
which some chyme from the stomach of hens had been digested. 
Tiedemann and Gmelin, {loc. cit. part ii.) with a view to determine 
the question, digested some of the gastric secretion of ducks in a 
platina crucible, which was covered with a glass plate, on which 
some device had been drawn through wax; but at the expiration of 
twenty-four hours, no trace of any erosion of the glass was percepti¬ 
ble. They do not, however, hence infer that the gastric juice of 
birds does not contain fluoric acid; for fluoride of calcium is certainly 
met with in several animal tissues, as in the bones and in the urine. 

The gastric secretion of reptiles is generally acid; in the stomach 
of fishes, also, particularly when it contains food, there is a free acid. 
Other reasons render it probable that, in both these classes, the gas¬ 
tric secretion contains muriatic and acetic acids. 

Leuret and Lassaigne* believe that the free acid of the stomach 
in all the four vertebrate classes is lactic acid. Eberle, [Physiologie 
der Verdauung. Wurzburg, 1834,) however, has discovered that 
this acid is not the solvent principle of the gastric juice; but that the 
mucus of the stomach, (like all mucus, he says,) has the property, 
when acidulated, of inducing decomposition and subsequent solution 
of the food. And accordingly we find that with acidulated mucus 
of the stomach, artificial digestion of the food can be accomplished, 
even out of the body.t Eberle was incorrect in stating that other 
mucus than that of the gastric mucous membrane is, when acidu¬ 
lated, adequate to the solution of the food; and hence we may con¬ 
clude that the solvent principle cannot be the mucus itself, but must 
be a peculiar substance contained in the mucus of the stomach. It 
is the same substance which causes the coagulation of the milk of the 
stomach. Most of what we know of the digestive principle, “ pep¬ 
sin,” we owe to Schwann.^: No method is at present known by 
which it may be obtained in a perfectly pure state. A further ac¬ 
count of it will be given in the chapter on the digestive process. 

3. The bile .—The bile is a secretion so generally met with in the 
animal kingdom, and so important in relation to the digestive pro¬ 
cess, that it would be in the highest degree interesting to know 
whether even in the lowest animals it is ever wholly wanting. We 
might regard, and some indeed have regarded, as the first form of 
the liver among the vermes, those sac-like dilatations or caecal ap¬ 
pendages of the intestinal canal, which are seen in the medicinal 
leech in their simplest form,—that of lateral dilatations,—in the 
Aphrodita as long and narrow caeca, but which in other worms are 
ramified caeca; while in the Planariae and Distomata, lastly, they 
assume the form of a completely ramified intestinal tube which has 
no anal opening. The caecal appendages of the stomach of the 

* Recherches Physiol, pour servir a I’Hist. de la Digestion. Paris, 1825. 

f See J. Muller and Schwann, iiber die kiinstliche Verdauung des geronnenen 
Eiweisses. Muller’s Archiv. 1836, p. 66. 

Uber das Wesen des Verdauungs-prozesses. Muller’s Archiv. 1836, p. 90. 
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Asterias family, which likewise has no anal aperture, might be re¬ 
garded as analogous secreting organs; but the nature of their secre¬ 
tion cannot be ascertained, nor indeed is it known that they secrete 
at all. 

The long caecal convoluted tubes which open into the intestinal 
canal of insects, generally in pairs, at a variable distance from the 
mouth and anus, but always below the dilated part of the canal 
which is supposed to be the Btomach, have been called biliary vessels. 
They do not, however, contain bile; but according to Chevreul*and 
Audouin, [UInstitute 135,) uric acid: besides, they secrete very 
actively during the development of the pupa, when no food is di¬ 
gested. They are, therefore, evidently excreting organs,— vasa uri¬ 
naria. They open into the canal below the part where the chyle is 
formed, and in larvsB often but a short distance from the anus. I 
am, on the other hand, inclined with Meckel [MeckeVs Archiv. 
1826,) to regard as true biliary organs those caeca which are met 
with in many insects opening into the intestinal canal higher up, 
either into the membranous stomach which succeeds the gizzard in 
the carnivorous Coleoptera, or into the part of the canal just below 
the gizzard, as in many Orthoptera, &c. In the Arachnida,—for 
example, in the scorpion,—there are true biliary vessels opening into 
the upper part of the intestine, and other Malpighian or excreting 
tubes at the lower part.t 

Is the bile secreted from arterial or venous blood? —The liver of 
vertebrate animals receives two kinds of blood—arterial and venous; 
the sources whence the venous blood carried to the liver by the 
vena portae is derived, have been already mentioned. The distribution 
of the minute branches of the blood-vessels in the liver to be hereafter 
described, and the arguments then stated, will render improbable Mr. 
Kiernan’s opinion, that the branches of the hepatic artery do not con¬ 
tribute to the formation of one and the same general capillary network 
with the portal and hepatic veins, but are distributed solely to the 
coats of the ducts, gall-bladder, and the other blood-vessels; the blood 
carried by the artery after nourishing these parts being, according to 
his view, poured into branches of the portal vein. Mr. Kiernan be¬ 
lieves the bile to be secreted from venous blood, while the arterial 
blood serves for the nourishment of the tissues of which the liver is 
constituted, and for the secretion of the mucus in the gall-bladder 
and in the ducts by the follicles which he has discovered in them. 

But the possibility of bile being secreted from arterial blood is 
demonstrated by the cases in which the vena portae enters the vena 
cava directly instead of being distributed through the liver. Mr. Aber- 
nethy {Philos. Trans. 1793,) observed this anomalous structure in 
a male child ten months old; and Mr. Lawrence {Medico-chirurgi- 
cal Transact, v. p. 174,) has detailed a case in which the same mal¬ 
formation existed in a child several years of age. In Mr. Abernethy’s 
case, however, the umbilical vein was still pervious, and branched 

* Strauss-Duerckheim’s Considerations Generates sur I'Anatomie des Aniraaux 
Artie. Paris, 1828, 4, 251. 

t See J. Muller de Gland. Penit. Struct. Tab. viii. fig. 8. 
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out in the substance of the liver; it is possible, therefore, as Mr. 
Kiernan remarks, that the arterial blood, after having nourished the 
liver, was poured into the branches of the umbilical vein, just as it 
is in the normal condition, according to his opinion, poured into 
branches of the portal vein; and the secretion of bile therefore might 
still have been derived from venous blood. [Kiernan^ Philos. 
Transact. 1833, part ii. 

M. Simon {Nouv. Bull, des Sc. par la Soc. Philornat. 1825,) and 
Mr. B. Phillips {London Medical Gazette, April 13, 1833,) have 
inferred, from experiments which they performed, that the bile is 
secreted from the blood of the portal vein. But Mr. Phillips found 
that after the vena portae had been tied, the secretion of the bile still 
continued, though in diminished quantity; and he concludes, there¬ 
fore, that it is formed both from arterial and venous blood. He per¬ 
ceived no change in the biliary secretion when the hepatic artery was 
tied. 

With respect to the quantity of bile, we have some observa¬ 
tions by Schultz. In oxen which had not recently taken food, he 
found from twelve to sixteen ounces of bile in the gall-bladder; after 
digestion, it contained from two to four ounces. In a large dog, the 
gall-bladder contained, after a fast, five drachms; in a middle-sized 
dog, just after digestion had been performed, it contained only two 
drachms and seventeen grains. 

Properties of the bile. —The bile is a fluid of a green colour, bitter 
taste, and nauseous smell. The bile which flows from the liver is of 
a lighter colour: that obtained from the gall-bladder is less fluid and 
greener, on account of the more fluid part having been absorbed; 
and it is more viscid, owing to its containing mucus. It contains 
whitish or gray particles, which in the frog I found irregular in form 
and size. They were, in the mean, five times smaller than the red 
particles of the animal’s blood, others were more minute. Accord¬ 
ing to Henle, these are particles of epithelium, the more elongated 
bodies being derived from the surface of the excretory duct; those 
which more nearly approach the globular form, from the biliary 
secreting canals. The matter which gives to the bile its green colour 
is in solution. Bile is stated by Schultz to be, when fresh, always 
alkaline; when of thick consistence, one ounce required one drachm 
of acetic acid for its neutralisation; when the bile was more fluid, the 
same quantity was neutralised by J or i drachm of the acid. Schultz 
found the specific weight of the bile of the ox to be from 1*026 to 
1*030. It does not coagulate at the boiling temperature, and does 
not dissolve oils. Werner asserts that bile added to the blood out of 
the body prevents its coagulation, and causes the red colouring matter 
to become dissolved in the serum; the latter statement, however, is 
incorrect. 

The results of Berzelius’s analysis of the bile of the ox, in 1807, 
are as follows:— 

Of bile evaporated to the consistence of an extract, alcohol dis¬ 
solves all but a yellowish grey substance, which resembles in every 
respect the mucus of the gall-bladder. The alcoholic solution being 
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evaporated to dryness, and dissolved in a small quantity of water, 
the addition of dilute sulphuric acid throws down the “biliary mat¬ 
ter” of Berzelius in combination with the acid, while the supernatant 
fluid retains in solution osmazome, chloride of sodium, and lactate 
of soda. 

The compound of the biliary matter with the sulphuric acid has 
the characters of a resin. When the acid is separated by means of 
barytes, the biliary matter still contains fat; when freed from this 
fat by means of ether, it is soluble in water, alcohol, and the alka¬ 
lies; and the solution in water has the colour and taste of bile. The 
proportion of the different substances in the bile of the ox is, accord¬ 
ing to Berzelius, as follows;— 

Water ........ 90.44 

Biliary matter with fat . . . . . . . 8.00 

Mucus of the gall-bladder ...... 0.30 

Osmazome, chloride of sodium, and lactate of soda . . . 0.74 

Soda . . ..0.41 

Phosphate of soda, phosphate of lime, and traces of a substance insoluble 

in alcohol . . . . . . . . 0.11 

100.00 

Dr. Prout’s analysis agrees in the essential points with that of 
Berzelius. M. Thenard, in 1806, following another method of 
analysis, obtained from the bile of the ox two new substances, a 
green and bitter resin, and a yellow tenacious substance soluble in 
water and alcohol, which he called “picromel,” on account of its 
having a sweet and bitter taste. {M^m. de la Soc. d'Arcueil^ i. 23.) 
The resin is soluble, Thenard says, in the picromel, and the solution 
is similar to bile. In one thousand parts of the bile of the ox, The- 
nard found;— 


Water .... 

. > • 

875.6 

Biliary re«n . . . 

• • • 

30.0 

Picromel .... 

• • • 

75.4 

Yellow eolourlng matter 

• • 

5.0 

Soda .... 

• • • 

5.0 

Phosphate of soda . 

• 

2.5 

Chloride of sodium . 

• • • 

4.0 

Sulphate of soda 

• • • 

1.0 

Sulphate of lime . . • 

A trace of oxide of iron . 

. 

1.5 


Berzelius has pointed out the probability that in place of these two 
constituents, biliary resin and picromel, there is in the bile really but 
one substance, his “ biliary matter,” which has the property of form¬ 
ing a resinous compound with mineral acids, since nitric acid was 
employed in Thenard’s process of analysis. Gmelin, on the other 
hand, regards the “ biliary matter” of Berzelius as a compound of 
several other substances, and supports the opinion of Thenard, that 
the bile contains picromel with a resin, or some substance readily 
convertible into a resin. 

The constituents of the bile of the ox are, according to Gmelin;— 
1. A musk-like odorous substance, which passes over with the 
water in distillation. 
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2. Cholesterine; the component of the gall-stones, shown to be an 
ingredient of fresh bile by Chevreul, and obtained from it by means 
of ether. It is found in other parts of the body,—according to Bou- 
det, in the blood; but it is generally a morbid product; thus it is 
found in the fluid of local dropsies, such as hydrocele, and in medul¬ 
lary fungus. 

3. Elaic acid. 

4. Stearic acid. 

5. Cholic acid, a new substance, which crystallises in fine acicular 
crystals of a sharp sweet taste, and is soluble in alcohol. It contains 
nitrogen. 

6. Biliary resin, which, according to Gmelin, contains no nitrogen. 

7. Taurine, a new substance, which crystallises in large colourless, 
transparent, irregular, six-sided prisms, with four or six-sided sum¬ 
mits, is soluble in water, and contains a small quantity of nitrogen. 

8. Picromel. Thenard’s picromel is a thick fluid, like turpentine. 
Gmelin^s picromel is opaque, consists of crystalline granules, and 
contains a large proportion of nitrogen Gmelin believes that the 
substance which Thenard called picromel was a compound of that 
substance with resin. 

9. Colouring matter of the bile; a substance containing nitrogen, 
which is recognised even when it is present in other fluids, such as 
the blood and urine in jaundice, by the addition of an equal quantity 
of nitric acid, striking a greenish, then a dark green, a dirty red, and, 
lastly, a brown colour. 

10. Osmazome. 11. A substance which, when heated, gave out 
a urinous odour. 12. A substance like vegetable gluten. 13. Al¬ 
bumen. 14. Mucus of the gall-bladder. 15. Casein. 16. Salivary 
matter. 17. Bicarbonate of soda. 18. Carbonate of ammonia. 19. 
Acetate of soda. 20—26. Salts of elaic, stearic, cholic, sulphuric, 
and phosphoric acids, with potash and soda, chloride of sodium and 
phosphate of lime. 

In human bile Gmelin found cholesterine, biliary resin, picromel, 
and elaic acid. Chevreul, Chevalier, and Lassaigne have also de¬ 
tected picromel in human bile; and Orfila, Laugier, and Caventou 
obtained it from human gall-stones. Besides the substances just 
mentioned, Frommherz and Gugert {Schweigger^s Journal^ 50, 68,) 
have found in human bile colouring matter, salivary matter, casein, 
osmazome, salts of elaic, cholic, stearic, carbonic, phosphoric and 
sulphuric acids, with soda and a little potash, and phosphate, sul¬ 
phate, and carbonate of lime. 

Berzelius suggests that the bile, in the natural state, is perhaps a 
more simple fluid than would appear from the analytic results ob¬ 
tained by chemists, and that it very probably contains the albumi¬ 
nous matters of the blood, certainly in an altered state, but combined 
with the same salts as in the blood itself; he supposes, however, 
that the substance which these albuminous matters compose, has so 
great a tendency to undergo changes in its composition, that the 
action of different re-agents upon it converts it into different com¬ 
pounds, varying according to the processes employed to extract them, 
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exactly as oils and fats are converted into sugar and fatty acids by 
the action of the oxides of lead and zinc. M. Deniarcay ( Comptes 
RenduSf 1838 t. i. p, 199,) has recently revived the old notion that the 
bile is a substance of a saponaceous nature. It is. according to his ana¬ 
lysis, a compound of soda with an oily organic acid (choleic acid), 
which is obtained by the action of dilute hydrochloric, sulphuric, or 
phosphoric acid on bile of the ox. By boiling this choleic acid with 
dilute hydrochloric acid, M. Demarcay produces the taurine of 
Gmelin, and another acid, which he names the choloidic; while the- 
alkalies decompose his chol6ic acid into ammonia and the cholic acid 
of Tiedemann and Gmelin. The main facts stated by M. Demarcay 
are admitted as correct by MM. Pelonze and Dumas.* 

Schultz considers the coagulum produced in bile by the addition 
of alcohol to be, not albumen, but a substance similar to salivary 
matter; since bile does not coagulate under the influence of heat. 
The alcoholic solution of bile evaporated to dryness had still an 
alkaline reaction; but Schultz difiers from most chemists in believing 
this alkalinity to be owing to the presence, neither of carbonates of 
the fixed alkalies, nor of ammonia,—for the fluid obtained by distil¬ 
lation has, he says, no alkalescence,—but of an organic alkali similar 
to the vegetable alkaloids, which he supposes to exist in the bile in 
combination with elaic acid. The coagulum produced by acids like¬ 
wise he regards, not as albumen, but as a precipitate of the alkaloid 
with the acid. The substance which he obtained by the action of 
acetic acid, however, was evidently the mucus of the gall-bladder, 
which is, according to Berzelius, precipitated from the bile by acetic 
acid; and Schultz himself remarks that the bile still retained in solu¬ 
tion a bitter, or sweetish bitter substance.t 

Bile of serpents and fishes. —The bile of serpents was found by 
Berzelius to contain a peculiar substance, which is precipitated 
neither by acids nor by alkalies, and which differs from the “ biliary 
matter” of warm-blooded animals in not being decomposed into 
picromel and biliary resin by acetate of lead. 

The bile of Crustacea and Mollusca has not been examined. 

Discharge of the bile. —The gall-bladder of vertebrate animals is 
developed as a diverticulum or protrusion from the efferent duct. 
{SeeJ. Muller, de Gland. Fenit. Struct.) In man and many Mam¬ 
malia the flow of the bile into the intestine can be arrested either by 
the intestinal opening of the ductus choledochus being closed, or by 
prolonged contraction of the duct itself; and the bile, poured by the 
hepatic duct into the ductus choledochus communis, is thus made to 
regurgitate into the cystic duct and gall-bladder. It is more particu¬ 
larly during fasting that this takes place. In many animals, how¬ 
ever, the gall-bladder receives bile by other hepatic ducts, which 
enter at its neck or at its fundus, and are called “ ductus hepatico- 
cystici;” they do not exist in the human subject; but in birds they 

* Report on the paper of M. Demarcay, Comptes Rendus, 1838, t. ii. p. 425. 

f The account of the chemical composition oi the bile has been abridged by the 
translator. For the chemical details of the different analyses he refers to the work 
of Berzelius on organic chemistry. 
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are the only means by which bile can reach the gall-bladder, for the 
hepatic duct opens into the duodenum without joining the cystic 
duct. In reptiles the bile is carried into the gall-bladder by branches 
of the hepatic duct. In fishes all the hepatic ducts coming from the 
different lobes enter the gall-bladder or its duct. In the ox, which is 
said by Rudolphi {Physiologic, ii pt. ii. p. 153.) to be the only one 
of the domestic animals in which the hepatico-cystic ducts exist, they 
are from eight to ten in number. 

Many animals—among Mammalia, birds, and fishes—have no 
gall-bladder. (See Cuvier’s Legons d’ Jinatomie Compar^e.) There 
seems to be no general law for its presence or absence, although the 
species in which it is wanting are for the most part herbivorous, and 
are animals in which digestion is constantly going on; yet very many 
vegetable feeders are provided with a gall-bladder. When the gall¬ 
bladder is wanting, the duct is frequently very much dilated; such is 
the case, for example, in the horse. 

4. The pancreatic secretion. —We may almost regard the pancreas 
as an organ belonging exclusively to the vertebrate classes of animals; 
the two light-red lobulated glands attached to the biliary ducts in the 
Loligo sagittata, pointed out by Dr. Grant [Froriep’s Notiz. xi. 182,) 
to be analogous to a pancreas, are the only exception. The pancreas 
is not constant in the class of fishes; it is in some entirely wanting; 
in others its place is supplied by caeca, called appendices pyloricte, 
which vary in number and arrangement, becoming more and more 
divided as they are traced through different genera; until in the sharks 
and rays they are replaced by a solid gland. 

The secretion of the pyloric caeca of fishes is adhesive, and ac¬ 
cording to the observations of Swammerdam, and of Tiedemann 
and Gmelin, is not acid or only very slightly so. The pancreas has 
been wholly, or in greater part, destroyed in dogs, without their 
digestion or general health suffering. Only in a few instances was 
greater voracity observed after the operation, {diutenrieth, Phy¬ 
siol. ii. 69.) 

The examination of the pancreatic secretion of the higher ani¬ 
mals has been recently undertaken by Mayer, Magendie and Tiede¬ 
mann and Gmelin. Mayer {Meckel’s Jlrchiv. iii. p. 170,) obtained, 
it in some quantity from a vesicular reservoir in which it had col¬ 
lected in the cat; he found it alkaline and transparent. M. Ma¬ 
gendie* describes the pancreatic secretion of the dog as a yellowish 
fluid, without smell, of a saline taste, alkaline and coagulable by 
heat, like that of birds. Tiedemann and Gmelin collected the se¬ 
cretion of the pancreas in a large dog by means of a tube introduced 
through an incision into the duct. A drop issued every six or seven 
seconds, and nearly ten grammes, (about two drachms and a half,) 
were obtained in four hours. It was clear, though somewhat opaline, 
ropy, like white of egg in water, and had a slightly saline taste. 
They obtained some in the same manner from the sheep and horse. 
In all three cases the fluid which first flowed was acid; the latter 

* Physiologie, t. ii. p. 367. Dr. Milligan’s translation, fourth edition, p. 461. 

32 
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portions only were slightly alkaline in the dog and horse. M. A. 
Schultz found the pancreatic secretion of the dog, cat, and horse, 
acid; once only, in the dog, it was neutral. The comparative 
analysis of the secretion in the dog, sheep and horse, afforded Gnielin 
the following results:—The pancreatic secretion contains a large 
quantity of albumen; while no sulphocyanic acid salts, which the 
saliva is said to contain, can be detected in it. The solid matter 
which it holds in solution amounts in the dog to 8-72 per cent.; in 
the sheep, to from four to five per cent. The different solid ingre¬ 
dients are: 

1. Osmazome; 2. a matter which is reddened by chlorine, and 
which is found only in the dog and sheep; 3. a substance resembling 
casein, combined probably with salivary matter; 4. a large quantity 
of albumen, amounting to about half of the dry residuum; 5. a very 
small proportion of free acid, probably acetic acid. 

The ashes left after calcination of the dried evaporated secretion 
amounted in the dog to 8.28 per cent., in the sheep to 29.7 per cent.; 
it contained the following soluble salts: 1. carbonate of potash, which 
is probably in the state of acetate in the secretion (found in the dog 
and sheep); 2. abundance of alkaline muriate; 3. a small quantity of 
alkaline phosphate (in the dog and sheep); 4. a very small quantity 
of alkaline sulphate, of which the base was in greater part soda than 
potash (also in the dog and sheep). The insoluble salts contained in 
the ashes were small quantities of carbonate and phosphate of lime. 
A comparison of the pancreatic juice with the saliva, founded on 
the data furnished by the above excellent analyses of the pancreatic 
secretion, gives the following results:—The saliva contains mucus 
and salivary matter; the pancreatic juice, on the other hand, contains 
an abundance of albumen and casein, no mucus, and little or no real 
salivary matter: saliva is alkaline; the pancreatic secretion, while 
fresh, is acid. The saliva of the sheep contains a small quantity of 
sulphocyanate of an alkali (?); the pancreatic juice, none. The 
other salts are about the same in both. (Tiedemann and Gnielin^ 
loc. cit.) 

Leuret and Lassaigne obtained three ounces of secretion from the 
pancreas of a living horse in half an hour. It was clear, had a saline 
taste, an alkaline reaction, and contained only fV per cent, of solid 
constituents, which, after an examination apparently superficial, they 
concluded to be the same as those of saliva. The statement of their 
analysis is as follows:—Water, 99'0: animal matter soluble in alcohol, 
animal matter soluble in water, traces of albumen, mucus, free soda, 
chloride of sodium, chloride of potassium, and phosphate of lime, 
00-9. 

The small quantity of secretion which Krause [Muller's dirchiv. 
1837, p. 17,) was able to obtain from the pancreatic duct in the body 
of a man who was drowned while digesting a full breakfast, and 
who was examined very soon after death, was colourless and clear, 
of the consistence of white of egg thinned with water, and neutral, 
and contained yellowish transparent globules about of a line in 
diameter. Acetic acid produced in it a whitish cloud and partial 
coagulation which was increased by moderate heat. 
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5. Intestinal secretion: succus entericus vel intestinalis, —The 
secretion of the intestines lias been examined by Tiederaann and 
Grnelin in animals which had fasted for some time. In dogs the inner 
surface of the mucous membrane was found covered with a thin 
layer of a very consistent, whitish, and somewhat yellowish matter; 
the intestines contained very little bile. If flint pebbles, or pepper¬ 
corns, had been previously swallowed, there was a larger quantity 
of a thin ropy mucus, and more bile. The mucous mass became 
more consistent towards the lower part of the small intestines, ac¬ 
quired a yellowish or yellowish-brown colour, and contained green¬ 
ish-yellow or yellowish-brown flakes, which consisted of intestinal 
mucus, biliary mucus, with the resins, fatty matter, and colouring 
matter of the bile. The mucous fluid in the upper third or upper ' 
half of the small intestines of the dog and horse, contained 

1. Some free acid (lower down in the canal the secretion was for 
the most part neutral, and in the horse contained bicarbonate of 
soda). 

2. Albumen, in considerable quantity,—probably derived from the 
pancreatic juice. 

3. (In the horse) a matter similar to casein. 

4. (In the same animal) a substance precipitated by muriate of 
tin,—probably salivin and osmazome. 

5. (Also in the horse) a matter which was reddened when acted 
on by chlorine or oxymuriate of mercury. 

6. A small quantity of biliary resin. 

7. (In the upper part of the small intestine of the horse) a feebly 
acid substance which contained nitrogen. 

8. The usual salts of the animal fluids. 

The mucus of the caecum in dogs was always acid. In the horse, 
on the contrary, it contained bicarbonate of soda. 

Viridet {De Primd Coctione) had previously observed that in the 
rabbit the caecum evinced the same acid reaction as the stomach. 

Schultz has instituted some further experiments relative to the 
acid secretion of the caecum. He found that, when the animals had 
fasted, the fluid in the caecum was more frequently alkaline or neu¬ 
tral, although at other times, and during digestion, it was acid; this 
diflerence he supposed to arise from the bile reaching the caecum 
during fasting and neutralising the acid. It was, how'ever, chiefly 
in herbivorous animals, which have a long caecum, that he met with 
the acid reaction; in the carnivora, in which the caecum is less de¬ 
veloped, there was generally no acidity. Two ounces of chyme 
taken from the stomach of a rabbit which had been fed with potatoes 
and grass, and was opened two hours and a half after death, re¬ 
quired for saturation three ounces and a half of ox’s bile: to neu¬ 
tralise one ounce of the contents of the cascum of the rabbit five 
drachms of bile were required. Eighteen ounces of chyme from the 
stomach of a horse required fifteen grains of carbonate of potash, or 
two ounces and a half of bile of the ox to one ounce of the chyme; 
while for one ounce of the contents of the ca 3 cum five ounces of bile 
were necessary. The chyme from the stomach of a hog required 



376 


ACTION OF THE SALIVA ON THE FOOD. 


for saturation from 1-04 to 1*11 per cent, of carbonate of potash; the 
contents of the c£Ecurn, on the other hand, required only 0'78 per 
cent. 


CHAPTER V. 

OF THE CHANGES WHICH THE FOOD UNDERGOES IN THE ALIMENTARY 

CANAL. 

Before the solution of the food can take place, it is necessary that 
the different substances which are used as aliment should lose their 
organic structure and cohesion; and this is effected principally by 
mastication. The comminution of the food is performed either in 
the mouth,—or in the pharynx, where pharyngeal teeth exist, as in 
fishes,—or in the stomach itself, which then has either cartilaginous 
parietes, as in the granivorous and insectivorous birds; or teeth, as 
in some Crustacea, insects and rnollusca. Mastication, and the sub¬ 
sequent stage of the digestive process, may, in fact, be compared 
with the usual chemical operations; it is not necessary to ascribe any 
share in them to organic influence. The chemist reduces to powder 
the substances which he wishes to dissolve, or from which he desires 
to extract a particular ingredient, and then digests them in the sol¬ 
vent menstruum; a similar digestion is performed in the crop of birds 
and in the stomach. After the soluble portion has been dissolved, 
the chemist separates it by filtration; and in the digestive process, 
after the trituration and solution, there is likewise a separation of the 
dissolved from the insoluble parts. 

a. Change effected by the saliva .—The saliva prepares the food 
mechanically for deglutition; whether it contributes in any degree 
to the solution of the food, and what share its components have in 
the production of the chemical change in the stomach, are unknown; 
but, since fishes arid Cetacea are not provided with the salivary se¬ 
cretion, it does not appear to play an important part in the process. 
Spallanzani and Reaumur state, as the result of their experiments, 
that food inclosed in perforated tubes, and introduced into the stomach 
of animals, was more quickly digested when it had been previously 
impregnated with saliva than when it was merely moistened with 
water.* Tiedemann and Gmelin, too, believe that the carbonates, 
acetates, and muriates of potash and soda, which enter into the com¬ 
position of the saliva, give it a solvent property, although a slight 
one.(?) Berzelius, on the other hand, observes, that saliva alone has 
no more action on alimentary substances, dissolves no greater part 
of them, than pure water; and I must confess that I have perceived 
scarcely any difference between the action of saliva and that of 
water on meat, in experiments instituted for the purpose of compari- 

♦ Spallanzani, Versuche fiber das Verdauungsgeschaft. Leipz. 1785.—Expe¬ 
riences sur la digestion, par Sennebier. Geneve, 1783. 
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son; while those instituted by Dr. Beaumont and Purkinje {Isis, 1838. 
No. 7,) rather tended to show that saliva retards the solvent action 
of the gastric juice. 

With the so-called dynamic effects of the saliva I am wholly unac¬ 
quainted. Nor does the saliva appear to act by destroying the pecu¬ 
liar organic properties of the alimentary substances. The action of 
the poisonous secretion of serpents, and of the saliva of rabid animals, 
might induce a belief in the saliva having such properties, were it 
not that the glands which secrete the poison in the poisonous serpents 
are, as I have already remarked, distinct from the salivary glands, 
which are present in addition to the poisonous glands,—these latter 
being special instruments of offence. The infectious principle of 
rabies, too, is not a property of the saliva alone, but is possessed by 
all the fluids of the body of the rabid animal.* 

The only fact favourable to the opinion that the saliva has a share 
in the chemical process of digestion in the stomach, is that observed 
by Leuchs, {Kastner’s Jlrchiv. 1831,) and confirmed by Schwann 
and Sebastian ( Van Setten, Diss. de saliva. Groning. 1837,)— 
namely, that saliva has the property of changing starch into sugar. 
And this fact is interesting, inasmuch as starch is in the stomach 
converted into gum of starch, and gradually into sugar. 

b. Change which the food undergoes in the stomach,—action of 
the gastric juice ,—The fluids taken into the stomach are for the 
most part absorbed from it, and do not even pass the pylorus. The 
solids are, with the exception of the insoluble parts, reduced to a 
substance called chyme, which is in part quite fluid, in part consists 
of globules. The formation of chyme.is described by most observers 
to go on solely at the surface of the food which is in contact with the 
coats of the stomach; but Dr. Beaumont observed in his numerous 
experiments, that the gastric juice acts at the same time on each and 
every particle of food in the stomach, and not merely on the surface 
of the whole mass. 

Observations relative to the changes which the food undergoes in 
digestion, and to the time occupied by these changes, have been in¬ 
stituted by Gosse, who for that purpose excited artificial vomiting in 
his own person; (his experiments are detailed by Spallanzani,) by 
Spallanzani, Stevens, {Be Aliment. Concoct. Edinb. 1777,) Tiede- 
mann and Gmelin, and Schultz, on animals; and lastly, by Dr. Beau¬ 
mont in far greater number than by any other physiologist on the 
human subject. 

Spallanzani introduced a tube filled with bread into the stomach 
of a cat; in five hours the bread was partly dissolved; and for the 
solution of meat nine hours were required. Even cartilages and 
bone contained in tubes, and tendons inclosed in linen, were after a 
longer period softened or dissolved. 

Tiedemann and Gmelin having given dogs boiled white of egg to 
eat, and killed the animals four hours afterwards, found the particles 

♦ Hertwig’s Beitrage zur naheren Kentniss der Wuthkrankheit. fieri. 1839, 
p. 156, 160. 
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of that substance in part dissolved. Fibrin in the same space of time 
had become swollen with moisture, and was partly converted into 
albumen, which was in solution. They found also that animal gela¬ 
tin loses by digestion in the stomach its property of gelatinising spon¬ 
taneously^ and its peculiarity of being precipitated in shreds by chlo¬ 
rine. Cheese was dissolved without being converted into albumen. 
Boiled starch was in the course of a few hours converte4 into gum 
of starch and sugar. Vegetable gluten, which is insoluble in acetic 
and muriatic acids, was found unaltered after having been in the 
stomach five hours. Milk was coagulated; the whey being then 
removed by absorption, while the curds were redissolved. Raw 
beef, after having been four hours in the stomach, was found covered 
witli a brown, pulpy, gelatinous mass. Cartilage and bone, after 
being digested for from two to four hours, appeared somewhat soft¬ 
ened at the angles, edges, and surface. Bread was in two and a 
half hours almost completely dissolved. In the horse the food seemed 
to leave the stomach in a state less advanced towards solution. 

Br. Beaumont has had the rare opportunity of studying during 
several years the process of digestion in the person of a man named 
St. Marlin, in whom there existed, as the result of a gunshot wound, 
an opening leading directly into the stomach, near the upper ex¬ 
tremity of the great curvature, and three inches from the cardiac 
orifice. The external opening was situated two inches below the 
left mamma, in a line drawn from that part to the left spine of the 
ilium. The borders of the opening into the stomach, which was of 
considerable size, had united in healing with the margins of the ex¬ 
ternal wound, but the cavity of the stomach was at last cut off from 
the exterior by a fold of mucous membrane which projected from the 
upper and back part of the opening, and closed it like a valve, but 
could be pushed back by the finger. If, while St. Martin lay on his 
back, pressure was made with the hand in the situation of the liver, 
and the body turned at the same time upon the left side, bile flowed 
through the pylorus, and could be drawn off by means of an elastic 
gum tube introduced into the stomach. Sometimes, too, though 
rarely, bile was found mixed with the gastric juice when the above 
mancEUvre had not been practised. Chyme was obtained from the 
stomach by applying the hand to the lower part of the epigastric 
region, and directing pressure upwards. When the stomach was 
full, mere pressure upon the valvular fold which closed the opening 
was suflicient to cause an escape of the contents. The stomach 
while empty could be explored to the depth of five or six inches by 
artificial distention. The food and drink could in this manner be 
seen to enter it. 

L)r. Beaumont has kept a complete journal of the digestive process 
in this man. The following table shows the time required for the 
digestion of different kinds of food, which were taken with bread or 
vegetables, or both. 
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Articles of diet. 

Mode of 

Meal. 

Exercise. | 

Rest. 

Remarks. 

cooking. 

Moderate 

Increased 

Tripe, soused 

Pig’s feet, do. 
Venison steak, ) 
fresh \ 

Codfish, dry 

Bread and milk 
Turkey 

Goose, wild 

Pig, young 

Hashed meat ) 
and vegetables ^ 

Oysters 

fried 

boiled 

broiled 

boiled 

cold 

roasted 

warm 

raw 

stewed 

raw 

breakfast 

dinner 

breakfast 

dinner 

h. m. 

1 0 

1 0 

1 35 

2 0 

2 0 

2 30 

2 30 

2 30 

2 30 

2 45 

3 30 

3 0 

3 0 

3 30 

3 30 

3 0 

2 45 

3 0 

h. m. 

h. m. 

t oysters sus- 
< pended in the 
f stornaeh. 
f nothing but a 


breakfast 

dinner 

• • 

• • 

1 little dry bread 
■{ or cracker 


stewed 

roasted 



1 taken at these 

Beef, fresh, fat, ^ 
and lean ^ 

dinner 



1. meals. 








broiled 







3 45 






3 30 

J exercise till 


boiled 


4 0 


/ fatigued. 
i morbid ap. 


dinner 

breakfast 

supper 

breakfast 

dinner 

3 30 


f stomach. 



3 38 


S large propor- 




4 0 

4 30 

( tion of fat. 
ditto. 

C ditto, and in 
< recumbent 
f position. 







3 30 





4 0 

4 15 




breakfast 


• • 




3 30 

• • 






4 15 


Beef, salted 

— 

dinner 

5 30 

3 30 

5 15 

4 30 

5 15 

6 0 

4 30 

4 30 

4 30 

4 30 



Pork, recently ) 
salted ^ 

— 

breakfast 









t became angry 
< during the 
f experiment. 

S unusually full 











) meal. 















dinner 

breakfast 

dinner 






4 0 

3 30 








Pork, fresh 

roasted 

broiled 

6 30 

3 15 

4 30 

• • 

3 unusually full 
( meal. 


breakfast 
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Articles of diet. 


Mode of 
cooking. 


Mutton, fat and i 
lean ^ 


Sausages 


Fowls (hens) 


breakfast 


- breakfast 

hard-boiled - 

soft-boiled - 

hard-boiled dinner 

- breakfast 

soft-boiled dinner 

broiled breakfast 


breakfast 




breakfast 

dinner 

breakfast 


breakfast 

dinner 

breakfast 


Exercise. 
Moderate I Increased 


h. m. h. m. 


Remarks. 


; morbid 
appearance of 
stomach. 

c full meal coarse- 
(ly masticated. 

S bread, or bread 
( and coffee. 

C morbid 
< appearance of 
^ stomach, 
ditto. 

5 with soft- 
( boiled eggs. 

f muslin bag, 
containing the 
same kind of 
diet, suspended 
in the stomach 
• during these 
experiments; 
morbid ap¬ 
pearance of 
^stomach also. 

S full meal, se- 
) vere exercise. 

S with bread and 
) coffee. 

\ with bread and 
) water. 

! muslin bag 
suspended in 
stomach. 


morbid 

appearance of 
stomach. 
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We transcribe some of the experiments from Dr. Beaumont’s 
journfil as examples. They are not without interest.* 

Second series, Exp. 33.—At one o’clock St. Martin dined on 
roast-beef, bread and potatoes. In half an hour examined contents 
of stomach, found what he had eaten reduced to a mass resembling 
thick porridge. At two o’clock nearly all chymified,—a few distinct 
particles of food still to be seen. At half-past four, chymification 
complete. At six, nothing in the stomach but a little gastric juice 
tinged with bile. 

Exp. 42.—April 7th, 8 am. Breakfast of three hard-boiled eggs, 
pancakes, and coffee. At half-past eight o’clock, examined stomach, 
found a heterogeneorus mixture of the several articles slightly di¬ 
gested. At a quarter past ten, no part of breakfast in the stomach. 

Exp. 43.—At eleven o’clock, same day, St. Martin ate two roasted 
eggs and three ripe apples. In half an hour they were in an incipient 
state of digestion^ and at a quarter past twelve no vestige of them 
remained. 

Exp. 44.—At two o’clock p.m. same day, dined on roasted pig and 
vegetables. At three o’clock they were half chymified, and at half¬ 
past four nothing remained but a very little gastric juice. 

Third series, Exp. 18.—On December 17, half-past eight a.m. two 
drachms of fresh-fried sausage in a fine muslin bag suspended in the 
stomach of St. Martin, who immediately afterwards breakfasted on 
the same kind of sausage, and a small piece of broiled mutton, 
wheaten bread, and a pint of coffee. At half-past eleven, stomach 
half empty; contents of bag about half diminished. At two o’clock 
P.M. stomach empty and clean; contents of bag all gone except 
fifteen grains, consisting of small pieces of cartilaginous and mem¬ 
branous fibres, and the spices of the sausage, which last weighed six 
grains. 

Exp. 26, second series,—in which Dr. Beaumont examined the . 
state of the food at intervals during the process of digestion,—showed 
very clearly that animal substances are dissolved much more rapidly 
than vegetables. 

Dr. Beaumont has observed that the temperature of the stomach 
does not become elevated during digestion; it is constantly 100° 
Fahr., and it is only during muscular exertion that it rises some de¬ 
grees, like the temperature of other parts of the body. 

The gas contained in the stomach is during digestion generally 
very small in quantity. Magendie and Chevreul obtained some from 
the stomach of an executed criminal, and found it to consist of 

* The translator has omitted the first experiment, since Dr. Beaumont himself 
points out that the apparent results of it cannot be depended on. It is worth while 
to note, however, that, during the experiment, St. Martin complained of distress and 
uneasiness at the stomach, and that on the following day the same symptoms con¬ 
tinuing, with pain of head, costiveness, a depressed pulse, dry skin, and coated 
tongue, numerous white spots or pustules resembling coagulated lymph were seen 
spread over the inner surface of the stomach, and that Dr. Beaumont has observed 
a similar appearance of the stomach on other occasions attending symptoms of 
indigestion. 
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Oxygen, . . . . 11'03 

Carbonic acid, . . . 14‘00 

Hydrogen, .... 3’55 • 

Nitrogen, .... 71'45 

The components of the chyme, according to the analysis of Tifede- 
mann and Gmelin, are:— 

1. Albumen,—in the chyme of dogs which had been fed with 
boiled eggs, fibrin, meat, bread, and vegetable gluten; it was less in 
quantity when the dogs had eaten liquid white of egg, cheese, glue, 
and bones. 

2. A substance resembling casein,—in the chyme of dogs fed with 
liquid white of egg and fibrin. 

3. A substance precipitated by muriate of tin (probably osmazome 
and salivary matter),—in chyme resulting from the digestion of vege¬ 
table gluten, cheese, and milk, in dogs, and of starch and oats, in 
horses. 

Dr. Marcet pointed out,—and his observation has been confirmed 
by Dr. Front,—that the chyme in dogs contains much more albumen 
when the animal has been fed on animal substances than when it has 
been fed with bread. [Thomson’s Annals of Philos. 1819.) 

Digestion in ruminants. —The fluid expressed from the mass of 
food in the first and second stomachs of ruminating animals, is stated, 
as well by Tiedemann and Gmelin, as by Prevost and Le .Royer, 
[Bihlioth. Universelle de Genive, t. xxvii. p. 229,) to contain albu¬ 
men held in solution by an alkali, which in the state of carbonate is 
an ingredient of the secretion of these cavities. The proportion of 
albumen in the fluid varies; when the food consisted of oats, it was 
in such abundance that it coagulated at the temperature of 158° Fahr. 
A development of gas, consisting of sulphuretted hydrogen, carbonic 
acid, and carburetted hydrogen, of which the two former are dissolved 
in the fluid, while the last retains its gaseous form, takes place during 
• digestion in the first and second stomachs. [Berzelius, Chemie 
Animale.) 

The contents of the fourth stomach, which is even more acid than 
the third, were found by Tiedemann and Gmelin to be in the calf 
coagulated milk, in the ox a soft yellowish brown pulp. 

The components of the chyme in the fourth stomach were:— 

1. Albumen,—in the ox and calf. 

2. A substance reddened by the action of muriatic acid,—in the ox 
and sheep. 

3. A substance precipitated by muriate of tin,—in the sheep. 

Digestion in birds. —The fluid resulting from the digestion of the 

food in the crop of birds, was found by Tiedemann and Gmelin to 
contain albumen in a state of solution, and in such large proportion 
that the fluid was sometimes coagulable by heat; the coagulating 
substance being animal albumen when the food of the bird had been 
meat, vegetable albumen when the food had consisted of corn and 
peas. The albuminous matters were still more abundant in the 
muscular gizzard. 
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Theory of digestion. 

Many of the older theories of the ’digestive process,—for example, 
that which supposed it to consist in attrition by the stomach,—are 
now evidently of mere historical interest. In by far the greater 
number of animals, the stomach is unprovided with mechanical in¬ 
struments for the aid of digestion; (see page 338, et sequent,) and 
the experiments of Reaumur and Spallanzani have demonstrated 
that substances enclosed in perforated tubes, and consequently pro¬ 
tected from mechanical influence, are not the less easily digested. 
It is, in like manner, scarcely necessary to remark that the theory of 
digestion by putrefaction is equally groundless; no signs of putre¬ 
faction being presented by the digested food, although, if the same 
substances were left to spontaneous decomposition at the temperature 
of 99i° Fahr., they would very quickly evidence marks of the putre¬ 
factive process. Moreover, when substances in which putrefaction 
has already commenced, are subjected to digestion in the stomach, 
the putrefactive change is, as Spallanzani has shown, immediately 
checked in them. 

In the present state of our knowledge of the subject, we have in 
the first place to decide,— 

1. Whether digestion consists essentially in the articles of food 
undergoing in the stomach some chemical change, such as fermenta¬ 
tion or oxidation, by which they are deprived of their cohesion and 
reduced to a pulp, there being no gastric solvent fluid; but, according 
to this view, the so-named gastric juice being the product, not the 
cause, of digestion. 

2. Or whether digestion is really a solution of the food by a solvent 
menstruum,—the gastric juice. 

We recognise the first of these views in the fermentative theory 
of Boerhaave, and it has been recently brought forward anew by 
C. H. Schultz in his hypothesis of the reduction of the food by oxi¬ 
dation. 

The theory of digestion by fermentation does not, however, pre¬ 
clude the existence of an active gastric fluid. The theory of fer¬ 
mentation supposes that the food is reduced by a chemical action 
of its components on each other, this action being excited either by 
a portion remaining from the last digested food, or by a ferment se¬ 
creted by the stomach itself, the acids of the stomach being the pro¬ 
duct of the fermentation. This theory has never been confirmed by 
proofs, and can now, indeed, be refuted. 

The fermentation, if it exists, must be different from all other 
known kinds of fermentation; for, as we shall presently show, none 
of the usual phenomena of that process are present when digestion 
is performed artificially. 

Schultz does not, it is true, set out on the supposition of the exist¬ 
ence of a fermentative process in digestion; but still his theory is in 
principle similar, inasmuch as he supposes that the food is not dis¬ 
solved by a peculiar fluid, but undergoes decomposition, and loses 
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its cohesion, in consequence of being oxidised,—that tlie acid of the 
chyme is not the cause of this change, but the product of it. 

The existence of a special digiestive fluid had been already denied 
by Moritegre. Having found that, after vomiting, and then neutral¬ 
ising any fluid that remained in his stomach by means of magnesia, 
food was still digested, and an acid chyme produced, he concluded 
that the fluid called gastric juice is nothing more than saliva and gas¬ 
tric mucus changed by the process of chymification. But it is evident 
that here the chymification might with equal probability have been 
ascribed to the secretion of fresh gastric juice. 

The arguments adduced by Schultz in support of his theory are, 
first,—that no special solvent gastric secretion exists; that the matter 
regarded by Tiedemann and Gmelin as such, was merely a remaining 
portion of chyme: that no acids are formed in the stomach except 
during digestion, and that their production cannot be excited by me¬ 
chanical irritation of the coats of the stomach. This statement is, 
however, opposed to the concordant results of direct observations, 
not only to those of Spallanzani, and Tiedemann and Gmelin, but 
also to the much more conclusive experiments of Dr. Beaumont. 
Secondly,—Schultz adduces the analogy of vegetables, in which the 
nutritive matters undergo a change of this sort, and in which the 
nutritive material of the germinating seeds is converted by a kind 
of oxidation into acids and sugar, and rendered soluble. These ar¬ 
guments are very ingenious; but the question is, whether in animals 
there is not really a peculiar fluid secreted by the stomach which 
will dissolve the articles of food even out of the body? and, even if 
we disregard the imperfect experiments of earlier physiologists, we 
shall find in the numerous observations of Beaumont, Eberle, and 
others, satisfactory proofs that there is such a fluid. Lastly,—Schultz 
adduces the fact of the coagulation of the milk in the stomach as an 
example of the conversion of a substance which is not acid into an 
acid chyme. Milk is coagulated, he says, by an infusion of the sto¬ 
mach of a calf which has been dried and deprived of its acidity by 
neutralisation with carbonate of potash, and even by an infusion of 
the fresh stomach of a dog which has been made to fast forty hours, 
so that the stomach was distinctly alkaline; and milk will coagulate, 
he remarks, in the stomach of sucking whelps after the stomach has 
been free from food during twelve or sixteen hours, and is neutral 
or alkaline; the only difference being that the coagulation takes 
place more slowly than when the stomach contains acids. It is 
quite true, as Berzelius had already pointed out, that the acid of the 
stomach is not the only cause of the coagulation of the milk; for 
there is now known to be a peculiar organic principle of the gastric 
secretion which has the same property. 

In the state of the inquiry, nearly up to the present time, the ques¬ 
tions to be decided were:—1. Whether a gastric juice exists. 2. 
Whether this gastric juice, whatever is its nature, has the property of 
dissolving the substances used as food, not only in the stomach, but 
also out of the body. 3. Supposing the last question were answered 
in the affirmative, whether the solution be effected by the agency of 
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the acid ingredients of the gastric juice, or by some other principles 
which it can be demonstrated to contain. 4. Whether the solution 
is attended likewise with a change in the chemical composition of 
the alimentary substances. 

1. Is there a special gastric juice }—This question has been 
already decided in the affirmative in the preceding Chapter, in which 
were related the numerous experiments of Tiedemann and Gmelin, 
and the still more conclusive observations of Dr. Beaumont, who 
excited in St. Martin by mechanical irritation the secretion of gastric 
juice when the stomach contained no food, and collected it in con¬ 
siderable quantity by means of a tube introduced through the ac¬ 
cidental opening into his stomach. 

2. Has the gastric juice the property of dissolving food sub¬ 
mitted to its action, whether in the stomach or out of the body ?— 
The answer to this question depends wholly on our being able 
to dissolve food artificially by means of gastric juice mixed with 
it out of the body. Attention was first directed to artificial digestion 
by the experiments of Spallanzani. That physiologist obtained some 
of the secretion of the stomach of birds, by causing them to swallow 
small pieces of sponge, which he withdrew after some little time by 
means of threads attached to them; the fluid thus obtained he mixed 
with food previously masticated, and put the mixture into small glass 
vessels in which he kept up the proper warmth by placing them in 
his axilla3. The contents, after the lapse of fifteen hours or two days, 
appeared to be converted into chyme. The statements of Spallanzani 
seemed, however, to be refuted by the observations of Montegre, 
which were submitted to the French Academy in 1812. The gastric 
fluid which Montegre employed in his experiments, was the secretion 
of his stomach during fasting, which he had the po>wer of vomiting 
at will; it was in most cases distinctly acid. Dn Stevens obtained 
from artificial digestion a result similar to that announced by Spal¬ 
lanzani. 

More recently, Tiedemann and Gmelin have instituted similar 
experiments with gastric fluid obtained from two dogs. 

In their first experiment, three grammes (about forty-six grains) 
of boiled beef were submitted to the action of ten grammes (about 
two and a half drachms) of the gastric fluid; in a second vessel, a 
cubic mass of bread freed from crust with the same quantity of the 
fluid, and in a third and fourth, similar portions of meat and bread 
were placed, each closely enveloped in a piece of the mucous coat of 
the stomach; lastly, similar portions of meat and bread were placed 
in a fifth and a sixth vessel with water. All the vessels were ex¬ 
posed, during a period of eight hours, to a temperature of from 86° 
to 104° Fahr. At the end of that time, the meat in the gastric juice 
was reduced at its surface to a reddish-white very soft pulp, which 
could be easily scraped otf; the meat enveloped in the mucous mem¬ 
brane had no such pulpy layer covering it, and was but little softer 
than that which had been macerated in pure water; the latter was 
quite hard, and nothing perceptible could be scraped from its surface. 

33 
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The bread in the gastric juice was converted into a soft whitish mass; 
that in the mucous membrane was nearly as soft; the bread in the 
water less so. 

In the second experiment, they had sixty-two grammes (about 
sixteen drachms) of gastric juice. They disposed in separate vessels, 
1. gastric juice with raw beef; 2. gastric juice with boiled white of 
egg; 3. water and beef; 4. water and white of egg; 5. water with 
ten drops of distilled vinegar and beef; 6. water with the same quan¬ 
tity of vinegar and white of egg. The vessels were kept, during the 
period of ten hours, at the same temperature as in the former expe¬ 
riment. The meat macerated in the gastric juice was then found of 
a pale red, and very much softened on its surface, —a pulpy matter 
could be scraped from it; the white of egg in the gastric juice was 
likewise very much softened, and had much the appearance of white 
of egg from the stomach of a dog which had been fed with it. The 
meat in the water was whitish and firm; the white of egg also, which 
had been macerated in water only, was quite solid. The substances 
in the dilute vinegar presented no trace of softening. (Tiedemann 
and Gmelin, loc. cit.) 

Dr. Beaumont’s experiments on artificial digestion are of extraor¬ 
dinary interest. They demonstrate most satisfactorily that the stomach 
secretes a fluid which has the power of dissolving articles of food 
even out of the body.* As an example, we may instance the 2nd 
experiment in the 1st series. Dr. Beaumont having, after St. Mar¬ 
tin had fasted seventeen hours, obtained from his stomach, by 
the method which we have already mentioned, one ounce of gastric 
juice, put into it a solid piece of recently boiled beef weighing three 
drachms, and placed the vessel which contained them in a water- 
bath heated to 100.° In forty minutes digestion had commenced on 
the surface of the meat; in fifty minutes, the fluid was quite opaque 
and cloudy, the external texture began to separate and become loose; 
and in sixty minutes, chyme began to form. At 1 p. m. (two hours 
after the commencement of the experiment) the cellular texture was 
destroyed, the muscular fibres loose and floating about in fine small 
threads very tender and soft. In six hours, they were nearly all 
digested,—a few fibres only remaining. After the lapse of ten hours, 
every part of the meat was completely digested. The gastric juice, 
which was at first transparent, was now about the colour of whey, 
and deposited a fine sediment. A similar piece of beef was, at the 
time of the commencement of this experiment, suspended in the 
stomach by means of a thread; at the expiration of the first hour, it 
was changed in about the same degree as the meat digested artifi¬ 
cially; but at the end of the second hour, it was completely digested 
and gone. 

In other experiments Dr. Beaumont withdrew, through the opening 
into the stomach, some of the food which had been taken twenty 
minutes previously, and which was completely mixed with the gastric 
juice. He continued the digestion, which had already commenced, 
by means of artificial heat in a water-bath. In a few hours, the food 
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thus treated was completely chymified; and the artificial seemed to 
be but little slower than the natural digestion. (See expts. 25, 26, 
and 27, second series.) 

Several of Dr. Beaumont’s experiments,—we may mention, expt. 
31, second series, and expts. 28, 33, and 48, third series,—demonstrate 
the influence of temperature, and of the quantity of the gastric juice, 
on digestion. Experiment 31 of the second series, which, with many 
others, also, contrasts the action of water with that of the gastric juice 
on organic substances, may serve as an example. Having obtained 
from the stomach of St. Martin two ounces of gastric juice, he di¬ 
vided this quantity into two equal portions, and laid in each an equal 
quantity of masticated roast-beef. One he placed in a water-bath at 
the temperature of 99° Fahr. and left the other exposed to the open 
air at a temperature of 34° Fahr. A third similar portion of meat he 
kept in a phial with an ounce of cold water. An hour after the com¬ 
mencement of the experiment, St. Martin had finished his breakfast, 
which consisted of the same meat, with biscuit, butter, and coffee. 
Two hours after the meat had been put into the phials, the portion 
in the warm gastric juice was as far advanced towards chymification 
as the food in the stomach; the meat in the cold gastric juice was less 
acted on, and that in the cold water was merely a little macerated. 

In two hours and forty-five minutes from the time that the expe¬ 
riment was begun, the food in the stomach was completely digested, 
and the stomach empty, while even at the end of six hours the meat 
in the gastric juice was only half digested. Dr. Beaumont, therefore, 
having procured twelve drachms of fresh gastric juice, added now a 
portion to each of the phials containing meat and gastric juice, and 
to a portion of the half-digested food which he had withdrawn from 
the stomach two hours after the commencement of the experiment, 
and which had not advanced towards solution. After eight hours’ 
maceration, the portions of meat in the cold gastric juice and in the 
cold water were little changed; but, from the time of the addition of 
the fresh gastric juice, digestion went on rapidly in the other phials 
which were kept at the proper heat; and at the end of twenty-four 
hours the meat which had been withdrawn from the stomach after 
digestion had commenced, was, with the exception of a piece which 
had not been masticated, converted into a thickish pulpy mass 
of a reddish brown colour: the other portion of meat in the warm 
gastric juice was also digested, though less perfectly; while that in 
the cold gastric juice was scarcely more acted on than the meat in 
the water, which was merely macerated. Dr. Beaumont now ex¬ 
posed these two phials containing the meat in cold gastric juice and 
meat in water to the heat of the water-bath for twenty-four hours, 
and the gastric juice which, when cold, had no action on the meat, 
now dissolved it; while the meat in the water underwent no change, 
except that, towards the end of the experiment, putrefaction com¬ 
menced. 

The 48th expt., third series, illustrates the antiseptic power of the 
gastric juice. A piece of meat which had been macerated at the 
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temperature of digestion in water for several days till it acquired a 
strong putrid odour, on the addition of some fresh gastric juice, lost 
all signs of putrefaction, and soon began to be digested and chyrni- 
fied. 

To justify our confidence in Dr. Beaumont’s statements, we may 
mention that he always relates the accidental circumstances which 
occurred in the experiments, and refers to several other physicians, 
Drs. Silliman, Knight, Yves, Hubbard, Dunglison, Sewall, Jones, and 
Henderson, as having interested themselves in them. It must there¬ 
fore be regarded an indubitable fact, that the gastric juice is really a 
solvent for organic substances, both in the stomach and out of the 
body.* 

3. Are the solvent principles in the gastric juice acids, or other 
unknown substances? —Tiedemann and Gmelin were inclined to 
favour the theory which attributes the solution of the food in the 
stomach, to the action of the acids eontained in the gastric juice,— 
namely, of the acetic and muriatic acids. 

For the purpose of ascertaining the degree of solvent action exerted 
by the acids of the stomach, on some organic matters which are not 
soluble in water, they submitted to the action of these acids at a tem¬ 
perature of about 50° Fahr. during some weeks the following sub¬ 
stances:—1. fibrin from the blood of calves; 2. fibrin from the blood 
of the ox; 3. fibrin from the blood of the horse; 4. the coats of the 
large venous trunks of the horse; 5. the coats of the larger arterial 
trunks of the same animal; 6. the white of a hen’s egg boiled hard; 
7. mucus from the small intestine of a dog; 8. mucus from the small 
intestine of a horse. The proportions of the fluid and the solid sub¬ 
stance (which was weighed in the moist state), the temperature, and 
the duration of the experiment, were in each case the same. 

Acetic acid was completely absorbed by the substances 1, 2, and 
4; these swelled up, and became each a transparent mass which, 
when heated with a fresh portion of acid, was completely dissolved. 
A small quantity of the acid digested with each of the substances 3, 
5, and 6, remained unabsorbed, and afforded a copious precipitate 
with tincture of galls and ferro-prussiate of potash. The remaining 
masses of 3 and 5 were swollen; and, on being heated with a fresh 
portion of acid, became more gelatinous, and were for the most part 
dissolved. The substance 6 was less swollen, and underwent less 
change when heated. The mucus, 7 and 8, at first remained nearly 
unchanged, and the acetic acid in which it had been macerated did 
not become turbid on the addition of tincture of galls; but, on being 
heated with fresh acetic acid, it w^as nearly wholly dissolved. 

* We can therefore be no longer surprised that the stomach is sometimes found 
to undergo softening sooner than other parts of the body after death; it being acted 
on by the solvent gastric juice. The phenomenon has been observed more par¬ 
ticularly in rabbits and in children, and has by many been attributed to putrefaction. 
(See Rudolphi’s Physiol, ii. 2. 119.) I have observed it in rabbits, and know that 
in them it did not depend on the mode of death. It is certainly owing to a decom¬ 
position, of which, however, the cause must be local and “ material,” and probably 
is no other than the chemical action of the gastric juice. 
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The muriatic acid had, without the application of heat, dissolved 
a great part of the substances 1—6, judging by the abundance of the 
precipitate produced by the addition of tincture of galls; of the mu¬ 
cus, on the contrary, it had dissolved very little. 

Dr. Beaumont, likewise, has instituted several experiments with a 
view to determine the power of acids in dissolving articles of food; 
and the results which he obtained, although they varied somewhat 
according to the substances employed in the experiments, have 
nevertheless led him to the conclusion that no other fluid produces 
the same effect on food which the gastric juice does, and that it is the 
only solvent of aliment. 

He found that common vinegar exerts no more action than water 
on white of egg digested in it and kept warm in the axilla; even 
after five hours’ maceration, scarcely any diminution of weight had 
taken place; while a similar portion of the same substance submitted 
during the same period of time to the action of an equal quantity of 
gastric juice, under exactly the same circumstances, was completely 
dissolved. (Expt. 46, fourth series.) 

Dn Beaumont made a mixture of muriatic and acetic acids, each 
diluted to the same degree of acidity as the gastric juice, (judging of 
this by the taste,) in the proportion of three parts of the dilute mu¬ 
riatic acid, and one part of dilute acetic acid, and compared the action 
of this fluid with that of an equal quantity of gastric juice from the 
stomach of St. Martin, on difl'erent substances, both menstrua being 
kept at the proper temperature for digestion. 

Roast beef, cut small, was in hours nearly entirely dissolved by 
the gastric juice; while in the mixed acid it merely lost its fibrous 
appearance, and became a gelatinous mass. After the digestion had 
been continued eight hours longer, the acids had dissolved all the 
meat, with the exception of a small portion of gelatinous substance 
which remained on the filter; but the solution, instead of being a 
turbid whitish grey fluid depositing a brown sediment on standing 
like the product of digestion in the gastric juice, was of a reddish 
brown colour and yielded no sediment. The action of infusion of 
galls on the two fluids was very different. (Expt. 115, third series.) 

There was the same difference in the time required for the solution, 
and in the products of the digestion, of boiled beef coarsely masti¬ 
cated, in the acids, and in gastric juice. (Expt. 104, third series.) 

Isinglass appeared to be more soluble than meat in the mixed 
acids, but it was nevertheless not so soluble in them as in gastric 
juice; and the resulting fluid differed from the solution of the same 
substance in gastric juice, although the differences were less marked 
in some experiments than in others. (Expts. 105 and 106.) 

Saliva acidulated with acetic, or with muriatic acid, so as to re¬ 
semble in taste the gastric juice, did not possess the solvent properties 
of the latter fluid. (Expt. 96.) 

I had myself long since instituted some experiments, with the view 
to determine whether the theory that the acids are the solvent prin¬ 
ciples of the gastric juice was correct. I placed small pieces of meat 
of some grains in weight, and small cubes of coagulated white of 

33* 
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egg, in equal quantities of very much diluted muriatic, acetic, tartaric, 
and oxalic acids; and although after maceration for a short time, a 
precipitate or turbidity could be produced in the liquid by ordinary 
re-agents, showing that a part of the substances had been dissolved, 
yet I found the masses of meat and albumen by no means perceptibly 
changed, even after the lapse of several days;—indeed, the small 
cubes of coagulated white of egg preserved their angles and edges 
for weeks. The action was not much greater when the maceration 
was performed at the heat of natural digestion. Of all the acids of 
which I tried the solvent power, and which 1 have named above, 
the oxalic, known to be poisonous to the human body even in small 
doses, appeared to have the most powerful action on the substances 
submitted to it; the fluid became turbid in a short time, and depo¬ 
sited a scanty whitish sediment, but the portions of meat and albu¬ 
men gave evidence nevertheless of no particular change. At the 
same time that I was making these experiments, I exposed a glass 
containing dilute acetic acid and small pieces of meat, during the 
space of twenty-four hours, to the current of a powerflfl galvanic 
battery; I made a similar experiment with solution of common salt; 
but in neither case was the solution of the organic substance in any 
perceptible degree accelerated. 

The acids which are such powerful solvents for mineral substances, 
are extremely feeble in their action on organic matters; and if we 
only remember that dilute or even concentrated acids are inadequate 
to dissolve completely a small piece of meat or white of egg of the 
weight of a few grains, though their action is continued for several 
days, the theory apparently so simple which ascribes the solution of 
the food to the agency of the acids of the stomach, will cease to ap¬ 
pear probable. Its insufficiency must, indeed, have been always 
evident to those who reflected how frequently indigestion is attended 
with increased secretion of acid. It must, therefore, be allowed that 
no investigations, thus far, have informed us of the nature of the 
active solvent principle of the gastric juice. Berzelius long since 
made this confession. Everything tended to convince us that the 
active principle of the gastric juice is an organic substance, of which 
the action is similar to that of “ Diastase’^ on starch. Such was the 
state of our knowledge on the subject of digestion before the recent 
important discoveries of Eberle and Schwann. 

Nature of the digestive principle. —Eberle [Physiologie der Ver- 
dauung. Wurzburg, 1834,) discovered that, although neither dilute 
acids nor mucus alone possess the property of dissolving rapidly 
organic substances submitted to their action, yet mucus mixed with 
acids has this solvent power; and that albumen or meat digested 
with acidulated mucus, or with an infusion of mucous membrane in 
dilute acid, is not merely quickly dissolved, but also undergoes a 
chemical change, the albumen losing its property of coagulability 
and being converted into osmazome and salivary matter. 

The experiments of Eberle have been repeated by Schwann and 
myself, {Muller's Jirchiv. 1836, p. 68,) and by many others, and 
have been found in the main quite correct. But Eberle was in error 
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in his statement that all mucus, in an acid state, has the property 
which is possessed by an organic principle secreted with the gastric 
mucus only;* the mucus of other organs exerts no solvent power; 
thus, the mucous membrane of the bladder, treated with muriatic 
acid, was found by Schwann not to have this property. The infusion 
of the mucous membrane of the fourth stomach of the calf in dilute 
acid affords digestive fluid. The mucous membrane being dissected 
from the other coats, washed with cold water until it no longer gives 
evidence of containing a free acid, and then dried, can in that state 
be preserved, and is at all times ready for use. 

The principal phenomena of artificial digestion may be demon¬ 
strated in a simple manner by the following experiment;—The dried 
mucous membrane is cut into pieces; some of these are placed in. 
each of five test tubes, and distilled water poured over them. To 
the contents of two of the tubes, six or eight drops of muriatic acid 
are added; to two others, twelve or fourteen drops of acetic acid. 
The mucous membrane and water in the fifth glass are left without 
any addition of acid; and in a sixth is placed the same quantity of 
water, with eight drops of muriatic acid, but no mucous membrane. 
Small cubes of coagulated white of egg and boiled meat of several 
grains’ weight are then placed in each of the tubes. After digestion 
for twelve hours at a temperature of about 99i° Fahr., the pieces of 
meat and white of egg present the following appearances:—Those 
macerated in the dilute acid without mucous membrane, or in the 
water with mucous membrane, but without acid, are unchanged; 
and the substances in the water alone give out after a time a putrid 
odour. The pieces of meat and albumen in the acid infusion of 
mucous membrane are, on the contrary, softened. The coagulated 
albumen is become transparent, cheesy in the centre, and breaks 
down easily under pressure. If the digestion is continued for twenty- 
four hours, the substances in the acid infusion of mucous membrane 
are dissolved either entirely, or in greater part; and the fluid acquires 
a peculiar odour, not of a putrescent character, but similar to that of 
soldier’s bread; its taste is acid, and not agreeable. (The fibrin of 
the blood likewise is dissolved very quickly.) The ordinary tempera¬ 
ture of the atmosphere in summer is sufliciently high for the suc¬ 
cess of the experiment; the surface of the masses of coagulated al¬ 
bumen becomes transparent even in a few hours, and is surrounded 
by a cloud of particles of albumen, which are for the most part in 
solution. The albumen which has been dissolved by the digestive 
fluid, has lost all its former characters, it is no longer coagulable; 
and the solution contains osmazome and salivary matter, and, ac¬ 
cording to Schwann, a third substance similar to albumen, which is 
precipitated by carbonate of soda, is insoluble in water and alcohol, 
and is soluble in dilute muriatic and acetic acids. This third sub¬ 
stance is precipitated neither by the boiling temperature, by acetate 

* Wasmann has observed that, in the pig, that part of the mucous membrane of 
the stomach which he has discovered to be composed of columns of cells possesses 
the solvent power in a much greater degree than other parts,—an observation 
which the translator has verified. 
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of lead, nor by alcohol; but is thrown down in large quantity by 
nitric acid, and oxymuriate of mercury, and less copiously by cyanu- 
ret of iron and potassium, and by tincture of galls. 

We found that neither carbonic acid is evolved nor oxygen gas 
absorbed during artificial digestion, in both which circumstances it 
differs from the fermentative process. [Muller and Schwann, loc. 
cit.) 

The experiments of Eberle, and those instituted by Schwann in 
conjunction with myself, still left it uncertain whether the digestive 
principle in an undissolved state acts by the influence of contact, or 
whether it is itself in solution and acts by dissolving the organic sub¬ 
stances. Schwann,* however, has discovered that the infusion of 
mucous membrane with dilute acid, even after it is filtered, still re¬ 
tains its digestive power. The digestive principle, therefore, is clearly 
in solution, and the theory of digestion by contact falls to the ground. 
The clear filtered fluid has the colour of saturated urine; it retains its 
solvent property for months. The proportion of acid recommended 
by Schwann for the preparation of the digestive fluid, is 3.3 grains 
to half a loth (about a quarter of an ounce) of the mixture of mucous 
membrane and water. If the proportion of the acid remains the 
same,*the quantity of the fluid, as compared with that of the mem¬ 
brane, is not of much importance; the weight of the water may be 
twice or five times that of the mucous membrane in its moist state. 

Schwann has performed several experiments to determine the part 
which the acid plays in the digestive fluid. The experiments already 
detailed prove that the acids are necessary; but it was possible that 
they might serve merely for the production of the digestive principle, 
and might, after this was formed, be no longer essential. This, 
however, is not the case; the digestive fluid, when neutralised with 
carbonate of potash was inert, but recovered its power on the ad¬ 
dition of the proper quantity of muriatic acid. To ascertain whether 
the acid acts the part of a mere solvent of the digestive principle, 
Schwann added to some of the fluid as much carbonate of potash 
as neutralised more than half the acid of the fluid, which was still 
acid, and remained clear and without sediment; so that the digestive 
principle could not have been precipitated, and yet the solvent power 
of the fluid was lost. The acid therefore is more than a mere sol¬ 
vent of the active principle. It still appeared possible that the acid 
might enter into a chemical combination with the digestive principle, 
forming a compound similar to the acid salts. But if such were the 
case, the quantity of acid necessary ought to be regulated by the 
quantity of the organic digestive principle; and Schwann found that 
it was not so; on the contrary, the necessary quantity of the acid 
bore no relation to the quantity of the organic digestive principle, 
but was regulated by the quantity of the fluid. Again, the acids do 
not serve simply to dissolve the products of digestion; for although 
these are soluble in acids, and even in very dilute acids, yet a quan- 

♦ Muller’s Archiv. 1836, p. 90. Schwann, iiber das Wesen des Verdauungs 
processes. 
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tity of the digestive fluid which is adequate to the solution of a certain 
quantity of albumen, loses its solvent power when diluted. Lastly, 
if it were the part of the acids to enter into combination with the 
products of digestion during their formation, the proportion of the 
acids in the fluid ought to become less as the digestion advances; but 
their proportion undergoes no change. Dr. Schwann infers, there¬ 
fore, that the dilute acids, without themselves undergoing any change, 
aid by their presence in effecting the decomposition of the organic 
substances, just as they aid in the conversion of starch into sugar 
when boiled with it.* 

The artificial digestion by means.of the acid infusion of gastric 
mucous membrane may be compared with fermentation, and with 
the cases of decomposition by contact; inasmuch as both in it, and 
in these processes, a very small quantity of the decomposing agent is 
sufficient to produce the effect.! But it results also, from Schwann’s 
observations, that the action of the digestive fluid induces the loss of 
a part of its power, and not the production of a new active principle, 
as in the process of fermentation. Moreover, no carbonic acid is 
developed during artificial digestion, and not the smallest quantity 
of oxygen is necessary to the process, as has been demonstrated anew 
by Schwann in still more accurate experiments. Many substances 
which disturb the progress of the vinous fermentation, likewise in¬ 
terfere with digestion; thus, as Schwann shows, alcoholj; and the 
boiling temperature render the digestive principle inert; the same is 
the action, in a less degree, of the neutral salts, and particularly of 
the sulphites. But arseniate of potash, which puts a stop to the 
vinous fermentation, was found by Schwann not to disturb the 
artificial digestive process. 

Chemical properties of the digestive principle .—It must be almost 
impossible to obtain the solvent principle of the digestive fluid in a 
separate state, on account of its active property being so easily de¬ 
stroyed by re-agents. Several of Schwann’s experiments show the 
action of different substances upon it. It is not precipitated when 
the acid of the mixture is neutralised; on the contrary, it is soluble 
in water alone; it is precipitated from the neutral solution by acetate 
of lead, and can be obtained again in an active state from the pre¬ 
cipitate by means of hydro-sulphuric acid. Ferro-cyanuret of po- 


♦ Although acids are such feeble solvents of organic substances, and particu¬ 
larly of albumen at ordinary temperatures, and even at that of natural digestion; 
yet white of egg when boiled in dilute acids, is, according to Wasmann, (De di- 
gestione nonnulla. Berol. 1839, and J’roriep’s Notizen. April, 1839,) very rapidly 
dissolved. He supposes, therefore, that the acids are the essential solvent agents 
in digestion, and that the pepsin has merely the office of rendering their action 
rapid at a temperature at which it would otherwise be slow'. 

t 4’8 grains of digestive fluid, or O’ll grains of dry residue of the fluid, were 
sufficient when diluted for the solution of 60 grains of moist albumen, or about 10 
grains of solid matter. 

The precipitate thrown down by alcohol in the watery solution of pepsin, when 
re-dissolved in dilute acid, has, however, according to Wasmann, still the power of 
dissolving white of egg, and the other properties of pepsin; and Purkinje states that 
alcohol does not destroy the digestive principle. 
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tassiiim, as well as ferro-cyanide of potassium, produce a precipitate 
in the acid solution of the digestive principle, but none in the neutral 
solution; but the precipitates which they throw down, do not con¬ 
tain the digestive principle; the fluid retains its solvent property. 
Corrosive sublimate produces a precipitate both in the acid and 
in the neutral fluid. Tannin throws down a precipitate, alcohol 
and the boiling heat cause turbidity, and all these agents render 
the fluid inert. Acetic, muriatic, nitric, and sulphuric acids, added 
in small quantities to the watery extract of the digestive mucous 
membrane, produce a precipitate, according to Wasmann, which is 
re-dissolved on the addition of more acid. But if any of the three 
mineral acids is added in much larger quantity, a second precipitate 
is thrown down, and the solvent power of the pepsin is destroyed. 
The solvents of the digestive principle are water, and dilute muriatic 
and acetic acids. These characters, as well as its peculiar action on 
casein, justify us in regarding the digestive principle as a peculiar 
substance, to which, although we cannot procure it in a separate 
state, we may, on account of its properties, give the name of 
« pepsin.’’ 

The action of the digestive principle on casein deserves a more 
particular consideration. Berzelius had already pointed put that the 
rennet of the calf has the property of coagulating millc, even after all 
traces of acidity have been removed by washing. It is known, too, 
that the coagulation of the casein produced by rennet is peculiar, in¬ 
asmuch as the curds are insoluble in water, while the coagula of 
casein produced by alcohol or acids are again soluble in water, and 
in an additional quantity of acid. Now Schwann has shown that 
this property of coagulating the casein is possessed by the artificial 
digestive fluid even when neutralised. On the addition of a very 
small quantity of the acid fluid to milk, and the application of heat, 
the coagulated casein soon separates: of the neutral fluid, more than 
0.42 per cent, are necessary; but 0.83 are sufficient. The power of 
the artificial digestive fluid to coagulate milk is destroyed by the 
boiling temperature; it cannot, therefore, be the saline ingredients 
which produce the coagulation. This peculiar action of the digestive 
principle on milk, renders the latter fluid a test for its presence; if a 
neutral fluid coagulates milk, but loses this property immediately on 
being boiled, we may infer that it contains the digestive principle. 
Schwann has in this way proved that the digestive principle which 
we are here considering, really exists in the stomach. He divided 
the stomach of a rabbit, which had died immediately after birth, into 
two portions; boiled one, and then added to each some milk. On 
the application of a gentle heat, the milk coagulated in the portion 
which had not been boiled, while in the other it remained unchanged. 
Wasmann, however, found that the watery extract of the mucous 
membrane of the stomach of the adult pig or rabbit, of the fourth 
stomach of the ox, or of the human stomach, had not the property of 
coagulating milk; and that when acidulated, it had not this power 
in a greater degree than dilute acid of the same strength. He, there¬ 
fore, imagines that the property in question must be possessed by the 
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Stomach only so long as the animal sucks,—an opinion, opposed, 
however, to the observation of Schultz, (page 384.) 

The solution of some of the alimentary substances is effected not 
by the digestive principle^ tvhich we have named pepsin; but by 
the acids, either principally, or with the aid of another organic 
matter. —The substances easily soluble in the digestive principle are 
fibrin,•muscular substance, and coagulated albumen; while casein, 
gelatin, and vegetable gluten appear, from Schwann’s experiments, 
not to be dissolved by it: for when they were digested separately 
with diluted acids and dilute digestive fluid, no difierence could be 
perceived in the change which they underwent in the two fluids; 
while the solutions resulting from the digestion of these substances 
in the mere dilute acids, displayed the same characters with re-agents 
as were observed by Tiedernarm and Gmelin in the products of the 
solution of the same substances in natural digestion, with the ex¬ 
ception of those due to the starch, which were absent here. The 
gelatin lost its property of coagulating; and tincture of iodine threw 
down a precipitate in the solution of gluten in the dilute acid, but 
produced no change of colour. 

The action of an acid is not adequate to explain the changes which 
starch undergoes in natural digestion; namely, its conversion into 
gum of starch and sugar. The digestion of starch in dilute acid, 
even with the addition of some of the artificial digestive fluid, does 
not give rise to the formation of any sugar. But Schwann has veri¬ 
fied the statement of Leuchs, that starch is converted into sugar by 
the action of saliva. He digested in some acidulated saliva, for 
twenty-four hours, a certain quantity of boiled starch, then filtered 
the fluid, and found that iodine produced in it no change of colour. 
Having neutralised it, and evaporated it to dryness, he obtained from 
the residue by means of alcohol a considerable quantity of sugar, 
which he recognised by its taste as well as by its property of fer¬ 
menting with yeast. The part of the residue which the alcohol did 
not take up, consisted of the salivary matter of the saliva, in part 
altered in its properties, and of starch changed to a substance resem¬ 
bling gum, which did not with iodine strike the colour which cha¬ 
racterises starch. {Schwann, loc. cit.) 

Since the activity of the digestive principle depends on the presence 
of a free acid, it is easy to understand how a neutral gastric fluid hold¬ 
ing saline matters in solution can, as Purkinje has observed, [Muller's 
•drchiv. 1838, p. 1,) be rendered active by the agency of galvanism, 
which will decompose the salts and set free the acid at the positive 
pole. 

Influence of the nerves and electricity on digestion. —It has in¬ 
deed been supposed that electricity is capable of replacing the 
influence of the nervus vagus in digestion when this influence has 
been lost. The digestive process is nearly entirely arrested by the 
division of the vagus nerves on both sides. Blainville, having per¬ 
formed the experiment on pigeons, observed that the vetches which 
they swallowed afterwards remained unaltered in their crop, and 
that the process of chymification was wholly arrested. The same 
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result attended similar experiments by Legallois, Dupuy, Dr. Wilson 
Philip, Clarke, Abel, and Hastings. VVhile, on* the other hand, 
Broughton, Magendie and Leuret, and Lassaigne state that digestion 
appeared to them to be uninfluenced by the division of the nerve in 
question, Mayer {Tiedemann^s Zeitschrifl, 'n. 1,) also found that 
the digestive process continued for a certain time, and that acid 
chyme was formed—at all events in rabbits. Brachet, {Recherches 
sur les fonct. dii Syst. Gangl. Paris, 1830,) too, states, that in all 
his experiments the food underwent chymification at the parts where 
it was in contact with the coats of the stomach. 

The question cannot, however, be determined with complete cer¬ 
tainty in quadrupeds, on account of death taking place in them so 
soon after the operation; I have therefore, in conjunction with Dr. 
Dieckhof, instituted experiments on geese. After the birds had been 
forty-eight hours without food, they were fed with oats. In each 
experiment two birds were required. In one the vagus was divided 
on both sides, while the other was left uninjured for the sake of com¬ 
parison. After the death of the first, which took place in the space 
of five days, the second was killed. In the latter the crop was gene¬ 
rally empty; in the former it was always fully distended with oats, 
and some grains were contained in the muscular gizzard, and these 
were in part crushed. The fluid in the stomach was acid, but less 
so than in the other uninjured animal. Hence we may conclude 
that digestion is for the most part, but not entirely, checked by the 
division of the nervi vagi. Tiedemann states, it is true, that after 
both vagi had been divided in a dog, neither the matter vomited nor 
the mucus secreted by the stomach was acid; and Mayer also relates 
that in his experiments on cats and dogs the chyme formed after the 
operation was not acid: yet he found the chyme acid in rabbits; and 
in my experiments with Dr. Dieckhof I never found the acidity 
absent, although it was less marked than in the sound animal. In 
four of the dogs in which Dr. Reid had divided the vagi nerves in 
the neck for the purpose of ascertaining the nature of the morbid 
changes produced in the lungs, unequivocal proofs were atforded, 
that, although lesion of the nervi vagi generally arrests digestion, yet 
that process may occasionally go on perfectly well, even although 
the cut ends of the nerves are kept far apart. One dog which lived 
twelve days after the operation, was rapidly gaining flesh and 
strength; and when he was killed, the lacteals and the thoracic duct 
were found full of milky chyle. In two other dogs, food taken after 
the operation was vomited in a half-digested state, and was found to 
permanently redden litmus paper; and the lacteals were filled with 
chyle in one of these dogs also, as well as in a fourth by which nfllk 
that was given to it was vomited in a coagulated state.* 

Dr. Wilson Philip has asserted that, after the experiment of di¬ 
viding the nervi vagi has been performed, the digestive action may 
be restored by means of an electrical current transmitted through the 

* Dr. J. Reid’s Experimental Investigation into the function of the eighth pair 
of nerves. Edin. Med. and Surg. Journ. vol. 51, p. 310, et seq., and American 
Edit., in volume form. 
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vagus nerve, one pole of the battery being applied to the nerve, the 
other to a piece of tin foil laid over the epigastric region. The 
experiments were repeated by Breschet and Vavasseiir. They 
found that simple division of the nervi vagi had not the effect of 
completely arresting the digestive process, although this was the 
result, when, in place of the nerve being merely divided, a portion 
of it was removed. [Froriep^s Notiz. vi. 261.) I must remark, how¬ 
ever, that when a nerve is divided, whether a portion is cut out or 
not, it is paralysed, and remains so for a very long time. Breschet 
and Vavasseur in the next place affirmed, that by directing an electric 
current through the divided nerves, digestion could be entirely re¬ 
stored; in which effect they attribute some share to the increased 
muscular action of the stomach. Breschet and Edwards {Arch. 
Gin. de Med. 1828,) have, however, since modified these views: as 
the results of their later experiments, they announce that division of 
the nervi vagi retards chymification, but does not completely arrest 
it; that this retardation of the process depends on the paralysis of 
the oesophagus, which is likewise the cause of the vomiting that 
occurs after the operation; and that the restoration of the digestive 
process by means of the electric current, is not owing to the elec¬ 
tricity itself, but to the irritation of the vagus nerve produced by it, 
since mechanical irritation of the lower portion of the nerve has the 
same effect in restoring the digestive process, which it does by re¬ 
exciting the motions of the stomach. But as I have frequently stated, 
on the ground of experiment, the motions of the stomach cannot be 
in the slightest degree affected by irritation of the nervus vagus. If 
MM. Breschet and Edwards had only continued their experiments 
longer, they would perhaps have perceived that neither the electric 
nor mechanical stimulus had any remarkable effect on the digestive 
process; that the animals remained in the same state, whether these 
stimuli were applied or not, as appeared to be the case in the follow¬ 
ing experiments of Dr. Dieckhof and myself:— 

In each experiment we took three rabbits, kept them without food 
for forty-eight hours, and then fed them with cabbage. One was 
left uninjured; in the second, the two nervi vagi were simply divided; 
and in the third, the nerves were in like manner divided, but in it a 
galvanic current was directed through the nerves in the way directed 
by Dr. W. Philip, and maintained for seven or eight hours. As soon 
as either the third or the second rabbit died, the other two were also 
killed. In every experiment we found that the sound rabbit had 
digested perfectly; all that remained of the food was the insoluble 
portion, which was nearly dry; in the two others the food in the 
stomach was in nearly exactly the same state in both: in one instance 
the food of the rabbit in which the galvanism had been applied was 
somewhat less digested; in many cases the state of the food in the 
two was exactly the same, and in several instances it was in the gal¬ 
vanised rabbit perhaps somewhat more digested than in the other, 
but the difference was scarcely to be noticed.* 

* Dieckhof de actione quatn nervus vaerus in diffestionem ciborum exerceat. 
Berol. 1835. 
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Matteiici affirms that he has been able to effect the artificial 
digestion of meat, with chloride of sodium and the simultaneous 
influence of electricity. Grounding his opinion on the experiments 
of Wilson Philip, Mattenci imagines the acid reaction of the stomach 
to be produced by a positive electric state of the viscus. To prove 
this, he took a piece of boiled meat, poured water over it, and added 
some common salt and carbonate of soda; he kept the mixture a long 
time at a proper temperature, constantly triturating it until it was 
reduced to a pulpy mass like that produced by mastication. He 
then introduced the pulp thus prepared into a bladder moistened 
with solution of common salt, and connected with the bladder the 
poles of a galvanic battery of eighteen or twenty pairs of plates. 
The result was, he states, that along the walls of the bladder, and 
especially around the positive wire, a layer of a whitish dense sub¬ 
stance full of bubbles of oxygen gas was formed; that this substance 
was flaky, and after being dissolved in water coagulated when heated. 
I had, during a very long period, tried in vain to dissolve portions of 
meat in acids or chloride of sodium with the aid of an electric cur¬ 
rent; the results obtained by M, Matteuci could not, therefore, but 
appear very improbable to me. I have, in conjunction with Dr. 
Dieckhof, repeated the experiment; we introduced into different 
bladders two portions of the same pulp, consisting of pieces of meat 
with common salt and carbonate of soda; one bladder only was sub¬ 
jected to galvanism, the other was left undisturbed. At the con¬ 
clusion of the experiment, no kind of difference could be detected 
between the fluids contained in the two bladders. 

c. Of the changes which the chyme undergoes in the small in¬ 
testines .—We recur to the excellent researches of Tiedemann and 
Gtnelin, for they contain ail that we know with certainty relative to 
the subsequent changes which the chyme undergoes. In the duode¬ 
num the diyme is acid. The stimulus which it exerts on the coats 
of the intestine, and which is propagated along the ductus chole- 
dochus and its branches generally, gives rise to the effusion of bile 
and pancreatic juice: Tiedemann has found the gall-bladder almost 
empty in animals in which digestion was going on. After gelatin 
had been given as food, it could still be detected in the contents 
of the small intestine; when butler had been given, the contents 
of the small intestine contained a fatty matter; casein was detected, 
though not distinctly, when the animal had been fed with cheese; 
and some remains of starch were found, though not always; the 
starch was in greater part converted into gum of starch. When 
the food had consisted of milk, cheesy clots were met with in the 
first half of the small intestine. A dog having been fed with some 
bones, small fragments of the bone were found in the upper half of 
the small intestine; in the lower half, abundance of phosphate of 
lime, with a small quantity of carbonate of lime. In horses which 
had been fed on oats, the upper half of the small intestine still con¬ 
tained starch; but in the middle and lower part of the intestine this 
substance had no longer its characteristic properties. 

Tiedemann and Gmelin found the contents of the upper half of 
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the small intestines acid, though less strongly so than the matters in 
the stomach; the acidity gradually diminished in approaching the 
caecum, and at the extremity of the ileum could usually be no longer 
detected. 1'he experiments of these observers leave undetermined 
the cause of the chyme losing its acidity,—whether it is owing to its 
acid being neutralised by the alkaline carbonate of the bile, or to 
the lower part of the small intestine pouring out an alkaline secre¬ 
tion: or whether, in consequence of decomposition commencing, 
ammonia is developed and neutralises the acid; or lastly, whether 
the acid part of the chyme is absorbed from the intestines, in which 
case it must lose its acidity in its course through the lacteals and 
mesenteric gland, since the chyle itself is certainly alkaline. 

The principal animal matters composing the chyme of the small 
intestines are:— 

1. Albumen; of which the quantity decreases in the lower part of 
the small intestines, in consequence of the absorption of the chyme 
by the lacteals. 

2. Casein; which likewise diminishes in quantity as we approach 
the caecum. 

Respecting these two substances, it cannot be determined how 
large a portion of them is owing to digestion, and how much to the 
secretions poured into the digestive canal,—for instance, to the pan¬ 
creatic secretion. Tiedemann and Gmelin think it possible that the 
casein of the pancreatic secretion containing a large proportion of 
nitrogen, yields a portion of this element to different ingredients of 
the alimentary substances, which contain less nitrogen, so as to 
reduce itself to their standard in this respect, and to convert them 
into albumen. 

3. An azotized substance precipitated by muriate of tin. (Salivin 
and osmazome.) Its quantity diminishes in the course of the passage 
of the ingesta through the small intestines. 

4. A matter to which chlorine imparts a red colour,—derived 
probably from the pancreatic secretion since it cannot be detected 
in the stomach; and being found in the small intestines after the bile 
duct has been tied, cannot be derived from the bile. It is not found 
in the matter of the excrement. 

5. Substances soluble in alcohol, and insoluble in water. Fatty 
matter, stearine, and the colouring and resinous matters of the bile. 

The substances here enumerated do not differ in their nature from 
those which Tiedemann and Gmelin found in the contents of the in¬ 
testines in animals which had been kept without food. With the 
exception, therefore, of the abundant albumen, the product of the 
food, they are most probably derived from the secretions poured into 
the canal, particularly the pancreatic secretion, which contains albu¬ 
men, casein, and a matter which is reddened by the action of chlo¬ 
rine. 

Infiuence of the biliary secretion on the chyme. —Dr. Beaumont 
has investigated, by experiment, the effect of mixing bile with the 
chyme out of the body. On addine: some bile of the ox to chyme 
obtained from the stomach of St. Martin, a turbid yellowish-white 



400 


ACTION or THE BILE ON THE CHYME. 


fluid, or rather delicate white coagula were formed, which, after 
standing some little tiftie, separated into a bright yellow flaky pre¬ 
cipitate, and a turbid milky fluid. For the sake of comparison. Dr. 
Beaumont mixed, in another experiment, bile and dilute muriatic 
acid, of each one drachm, with two ounces of water; and a similar 
turbidity was the result; but the sediment which formed was gelati¬ 
nous and of a deep green colour, and the supernatant fluid of a 
bluish-green colour, and not milky as in the former case. 

Purkinje has observed that the addition of even a small quantity 
of bile to the digestive fluid, puts a stop to artificial digestion. Tiede- 
mann and Gmelin’s researches afford no satisfactory information re¬ 
lative to the office of the bile in the process of chymification. The 
acids of the chyme coagulate the mucus of the bile and precipitate it, 
together with a great part of the colouring matter. The choleste- 
rine, likewise, is precipitated, and is obtained by digesting in alcohol 
that part of the contents of the intestine which is insoluble in water. 
The margaric acid found in the contents of the small intestines, is 
believed by Tiedemann and Grnelin to be likewise derived from the 
bile. The resin of the bile contained in that portion of the intestinal 
contents which is insoluble in water, appeared to them to be an ex- 
crementitious substance having no influence in the changes which 
the food undergoes, and forming a principal ingredient in the faecal 
matter. The opinion of Werner,* generally adopted by physiolo¬ 
gists—that the chyle is precipitated by the bile in the form of flocculi 
—was found by Tiedemann and Grnelin to be groundless. The 
mixture of bile with the fluid contents of the stomach, produced no 
other precipitates than resulted from the addition of an acid to bile. 
The flocculi in the small intestine, which are supposed to be flakes 
of chyle, are nothing more than shreds of mucus, and were present 
even when the ductus choledochus communis had been tied. The 
chyle which is absorbed by the lacteals, is fluid. Autenrieth and 
Sir A. Cooper speak of the chyle as a tolerably consistent matter, 
lying between the villi, and coagulating when exposed to the air. 
(See also Jibernethy^s Physiol. Lectures, p. 189.) This matter is, 
however, according to Tiedemann and Grnelin, merely mucus; so 
that the statement that it coagulates must be erroneous. The matters 
in the bile which have a share in producing the necessary changes 
in the chyme, are probably the picromel, the osmazome, the matter 
similar to gliadin, and the cholic acid, since it appears from the inves¬ 
tigations of Tiedemann and Grnelin that they do not exist in the ex¬ 
crement. It is not probable that the sole office of the bile, in addi¬ 
tion to the elimination of the resin and colouring matter, which are 
excrementitious substances, is to neutralise the acid of the chyme, and 
thus to prepare the latter for the change which it undergoes in the 
lacteals, where, in the state of chyle, it becomes alkaline. Those of 
its essential components which do not form part of the excrement, 
either contribute to complete the solution of the chyme, which was 

* Exp. circa modum, quo chymus in chylura mutatur, Diss. Inaug. praes. Au- 
tenrielh. Tub. 1800. 
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Haller’s opinion; or they must serve to effect the conversion of the 
chyme into the chyle,—that is to say, the production of albumen 
from the food, as Prout supposes. The chyle taken from the lacteals 
contains, with the exception of albumen, none of the animal matters 
which Tiedemann and Gmelin detected in the intestines, nor those 
soluble components of the bile which do not fornl part of the excre¬ 
ment; all that the chyle contains in place of these matters is albumen. 

EJfects of ligature of the bile duct .—Sir B. Brodie {Quarterly 
Journ. of Sc. and dirts, IS,23,) has endeavoured to ascertain the 
degree in which the bile contributes to the process of chylification, 
by applying a ligature to the ductus choledochus. Jaundice was a 
consequence of the operation, but this sometimes disappeared after a 
time; and then it was found that an effusion of lymph had taken 
place at the seat of the ligature, and had reunited the divided portions 
of the duct. As to the effect of the operation on digestion. Sir B. 
Brodie states that the process in the stomach was unaffected, but 
that chyle was no longer formed from the chyme; that neither the 
lacteals nor the thoracic duct contained any white chyle. 

Tiedemann and Gmelin have rendered valuable service to physio¬ 
logy by the experiments (ten in number) which they have performed 
to ascertain the correctness of Brodie’s statement. The results which 
they obtained are in accordance for the most part with those of the 
last named gentleman. After an interval of from thirteen to twenty- 
six days, the canal was found to be restored. The colouring matter 
of the bile was detected in the blood and urine, and the lymphatics 
of the liver were yellow. In the experiments of Tiedemann and 
Gmelin, as in those of Brodie, digestion went on uninterruptedly. 
The contents of the small intestines also did not differ essentially from 
what they are under ordinary circumstances. In all Tiedemann and 
Gmelin’s experiments, the contents of the large intestines had a much 
more fetid and disagreeable odour than ordinary (while Leuret and 
Lassaigne stated that they had a strong odour and insipid savour, not 
the usual disagreeable odour and savour), and the excrements were 
white. In dogs which had been fed after the operation, the lacteals 
of the small intestine contained a clear transparent fluid, just as in 
the dogs which had not taken food; while in dogs in which the duc¬ 
tus choledochus has not been tied, the contents of the lacteals are 
milky. The fluid of the thoracic duct was generally redder than 
ordinary, and yielded a larger and redder coagulum in dogs in which 
the bile duct had been tied, than in those in which the operation had 
not been performed: the serum in the former was yellow and turbid; 
in the latter milky. The nature of the fluid in the thoracic duct does 
not, however, prove much in reference to the queslion; for the lymph 
from other parts of the body is also coagulable; and in animals kept 
without food, the lymph continues to afford a coagulum for a very 
long time, as Collard de Martigny has shown, and the lacteals in 
such animals likewise carry lymph. It is, however, a very important 
fact that, after the ductus choledochus has been tied, although the 
animals are fed, the chyle is transparent; while in the natural state 
it is milky. Tiedemann and Gmelin, indeed, say, the white milky 
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colour of the chyle is known to be owing to the presence of particles 
of fat. Still this difference in the appearance of the chyle, after the 
ligature of the bile duct, deserves further consideration. The experi¬ 
ments of Tiedemann and Gmelin, do not prove, in a satisfactory 
manner, that the formation of chyle is independent of the bile. 
Tiedemann and Gmelin also urge as an argument in favour of their 
opinion, that many of the dogs lived for a considerable time after the 
operation,—from three to seven days. In one case, in which the 
jaundice remained, although the canal of the duct was restored, the 
animal lived twenty-six days; at the end of which time it was killed. 
But dogs will live about thirty-six days, although wholly deprived 
of food. Leuret and Lassaigne, who, with Tiedemann and Gmelin, 
maintain that digestion and chylification are not arrested by ligature 
of the ductus c/ioledochusy attribute to the bile the property of dis¬ 
solving the fat, of decomposing it, and forming with it a kind of soap, 
thus effecting its digestion. But experiments of Tiedemann and 
Gmelin show that bile is not capable of dissolving the smallest quan¬ 
tity of fatty matter, and can therefore contribute to its division and 
absorption only in a mechanical manner, by effecting its suspension 
in minute particles. 

The bile seems to be a necessary stimulus for the peristaltic mo¬ 
tions of th eintestines; for, when its flow is arrested, constipation is 
the result. 

d. Changes ivhich the ingesta undergo in the large intestine .— 
The mixture of chyme, mucus, bile, and pancreatic juice, becomes in 
its passage through the lower part of the small intestines more con¬ 
sistent and of a darker colour. The fluid parts are absorbed by the 
lacteals. All the solid matters, as mucus, skins of fruit, woody fibre, 
horny matter, and those ingredients of the bile which are excremen- 
titious, such as the mucus, colouring matter, fatty matter, and resin, 
on reaching the lower extremity of the small intestine, constitute the 
excrement, from which, however, the fluid ingredients continue to 
be absorbed in its passage through the large intestine. 

Tiedemann and Gmelin regard the acid secretion of the caecum as 
a second solvent of the animal matter. This second digestion would 
appear to take place principally in the herbivora,in which the caecum 
is especially large; and it is very probable that in the horse, in which 
the food passes the pylorus in a far less perfectly dissolved state than 
in man, the digestive process must be continued in the very large 
caecum and colon. Schultz follows Tiedemann and Gmelin in admit¬ 
ting that digestion is renewed in the caecum, but supposes that the 
gastric and caecal digestions antagonise each other; that the first is 
performed during the day, the latter during the night, and that the 
first commence when the latter ceases. Each meal ought, according 
to this hypothesis, to pass through the whole intestinal canal in 
twenty-four hours, which is not regularly the case. In Tiedemann^s 
experiments of a ligature of the ductus choledochus, the excrements 
did not appear white until two days after the operation. Schultz 
imagines, moreover, that while the digestion is going on in the large 
intestine, the entrance into it is closed, that bile collects in the lower 
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part of the small intestine, and does not enter the large intestine till 
chyrnification in the latter is completed; and that it then flows into 
the caecum, and neutralises the chyme. 

Gaseous matters in the intestines .—Air is swallowed with the 


food, and is in the stomach partly converted into carbonic acid; but, 
in addition to this, a development of gas takes place during digestion 
in the whole extent of the alimentary canal. Its nature depends 
partly on the kind of food, and partly on the state of the digestive 
organs. In aflections of the nervous system, the evolution of gas is 
often very abundant; it is sometimes devoid of smell, but generally 
has the odour of sulphuretted hydrogen, and is frequently inflam¬ 
mable. It may consist of hydrogen, carburretted hydrogen, or sul¬ 
phuretted hydrogen. The analysis of the gases contained in the 
intestines of executed criminals afibrded Magendie and Chevreul the 
fellowing results:— 

The gas in the small intestine consisted, in three individuals, of 


Carbonic acid gas. 

2439 

40-00 

25-00 

Hydrogen, 

55-53 

51-15 

8-40 

Nitrogen, 

.20-08 

8-85 
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100-00 
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Carbonic acid, .... 
Carburetted hydrogen, with traces of sulphuret- 
ted hydrogen, .... 
Hydrogen, and carburetted hydrogen. 

Pure carburetted hydrogen, . 

Nitrogen, ..... 


!'he gas in 

the colon 

That in the 
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rectum of 

43-50 
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‘ 42-86 

5-47 

— 
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_ 
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— 

11-18 
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18-40 
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I refer to the work of Berzelius [Chimie Animate, p. 268,) for an 
account of the composition of the excrement. Human faeces, of 
consistence sufficient to form a coherent mass, are, according to his 
analysis, formed of 


Water, 

Matters soluble in water. 


Bile, 

0-9 

Albumen, 

0-9 

Peculiar extractive, . 

2-7 

Salts, 

12 


In the residue of the food, ..... . . 

Insoluble matters which are added in the intestinal canal,—mucus, biliary, resin, 
fat, and a peculiar animal matter, ... . . 


75-3 

5-7 

7-0 

140 


1020 

In birds and reptiles the urine and faeces are both received into 
the cloaca. 


CHAPTER VI. 

OF CHYLIPICATION. 

During the passage of the chyme through the whole tract of the 
intestinal canal, its completely digested parts are taken up by the 
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lacteals. The mode in which this absorption is effected, has been 
already discussed in the Section on the lymph and lymphatic vessels. 
The observation there adduced, that the serum of the blood of kit¬ 
tens which are sucking is sometimes perfectly white, would make 
it appear probable that in those cases the globules of the milk did 
really gain entrance into the lacteals. But this state of the blood is 
not constant under the circumstances indicated, and it might arise 
from the same cause as the similar appearance of the blood some¬ 
times presents in adults, when the chyle has not undergone the 
change of sanguification, or when it contains a greater quantity of 
fatty particles. The coats of the radicle lacteals must, it is clear, 
have invisible pores, since they absorb fluids; but these pores, even 
if they allow the passage of globules, cannot be larger than the chyle 
globules themselves, which Prevost and Dumas state to have a 
diameter of jiVs of an inch, and which, according to my measure¬ 
ment, are for the most part (in the calf, goat, and dog) half or one- 
third the size of the red particles of the blood of a mammiferous 
animal. For, if the size of the pores were more considerable, larger 
particles of the chyme would enter the lacteals, which is not ob¬ 
served to be the case; once only,—namely, in a rabbit,—I found the 
smaller number of the chyle globules larger than the particles of the 
blood; and once also, namely, in the cat, I found some of them equal 
in size to the blood particles, but here also the greater number were 
smaller. The larger particles which I saw in the chyle of the rabbit 
could not, however, have entered through the coats of the intestinal 
villi; for openings which would allow their passage, must be visible. 
The large openings called Lieberkiihn’s follicles, which are dis¬ 
tributed in such number over the surface of the mucous membrane 
between the villi, and which are so distinctly visible, being nearly 
twelve times larger than the red particles of the blood, are mere 
crypts, and appear to be in no way connected with lacteal absorption. 

The chyle is the fluid absorbed from the intestines by the lacteals 
during digestion, and differs from the lymph which those vessels 
contain at other times, and from the contents of the lymphatics of 
other parts of the body, in being of a white or milky colour. In birds 
it is usually not milky, but transparent, and it is likewise not very 
turbid in most of the herbivorous Mammalia; but in the Carnivora, 
and even in the young of the Herbivora while they are nourished 
with milk, it is always more or less turbid and whitish. The colour 
is owing to the presence of globules, the size of which I have stated 
above. The chyle is very rarely red; it has been seen of this colour 
only in very few instances, as, for example, in the thoracic duct of 
the horse: in the animals in which I have examined it—the calf, 
goat, dog, cat, and rabbit—the chyle has never been otherwise than, 
white, even in the thoracic duct. Chyle has an alkaline reaction, 
and its smell has by some been compared to that of human semen. 

Chyle coagulates spontaneously within a short time after its re¬ 
moval from the vessels. Reuss and Emmert agree with Tiedemann 
and Gmelin in stating, that the coagulability of the chyle increases 
with its progress through the absorbent system; that the chyle of the 
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lacteals does not coagulate, and indeed has rarely the property of 
coagulating spontaneously even when it has traversed the mesenteric 
glands. The chyle of the thoracic duct coagulates, like the lymph, 
in about ten minutes after it is taken from the vessel, and separates 
into coagulum and serum. The coagulum is the fibrin of the chyle, 
mixed with some of the globules. The serum is a solution of albu¬ 
men, with another portion of the globules suspended. At the same 
time, a creamy matter, which consists of fatty particles, collects on 
the surface. 

The coagulum of the chyle of the thoracic duct, after exposure to 
the air, often becomes much more red than it was previously. On 
comparing the chyle taken from the lacteals themselves, with that 
from the cysterna chyli, and again with chyle from the middle and 
upper portions of the thoracic duct, Emmert [Scherer^s Journal der 
Chemie,Y. p. 164, 691,) found that the action of the air produced 
little change on the milk-white chyle of the lacteals, while that of 
the receptaculum chyli acquired a slightly red tint, and yielded a 
slight coagulum. The chyle again from the upper part of the thoracic 
duct assumed a tint approaching very nearly that of arterial blood, 
and separated into serum and a kind of crassamentum, which was 
more solid and larger than that of chyle taken from other parts of 
the lacteal system. The serum of the chyle from the receptaculum 
and the great lacteal trunks was less limpid, was turbid, and con¬ 
tained a great number of whitish-yellow globules. The serum of 
the chyle of the thoracic duct was transparent, and to the naked eye 
appeared to contain no globules. The chyle which Emmert obtained 
from the middle portion of the thoracic duct, contained somewhat 
more animal matter than that which he took from the upper part of 
the duct; this may be accounted for, perhaps, by the circumstance 
that the upper part of the thoracic duct would contain, in addition to 
the chyle, a relatively larger proportion of the lymph from other 
parts of the body, which is a much more diluted fluid. (See also 
Reil’s *drchiv. viii. 146.) 

Differences in the chyle arising from variety of food .—Magen- 
die states, that chyle derived from food which contains little or no 
fat, is not so milky, but has a more opaline aspect; and that when it 
separates into coagulum and serum, only a little of the cream-like 
matter rises to the surface. On the contrary, the chyle, he says, 
which is formed from food of a fatty nature, whether it be animal 
or vegetable, is white, and separates into three substances,—a fibrin¬ 
ous coagulum, serum, and a creamy stratum on the surface of the 
fluid, which contains the fatty ingredients. Dr. Marcet {Medico- 
Chirurg. Trans. 1815,) has observed, that chyle from vegetable food 
putrefies more slowly than chyle from animal food, and contains 
more carbon; and that the chyle from animal substances is always 
milky and affords an oily scum, which does not form on the more 
transparent chyle derived from the vegetable diet. 

Tiedemann and Gmelin observed that the chyle of sheep fed on 
grass or straw, was very slightly turbid,—indeed, was nearly clear. 
The turbidity was very slight, likewise, in the chyle of dogs which 
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had been fed upon liquid albumen, fibrin, gelatin, cheese, starch, and 
gluten, as well as in that of a horse fed with starch. The chyle 
of sheep which had eaten oats, was moderately turbid; while the 
chyle of dogs, of which the food had consisted of coagulated albu¬ 
men, milk, bone, or beef, or that of horses fed upon oats, was very 
milky. But the whiteness and opacity were most marked in dogs 
fed on butter. 

Nature of the chyle globules, and cause of its white colour .— 
Tiedemann and Gmelin,—who, on account of the accuracy with 
which their experiments were performed, and of their having brought 
both chemistry and anatomical physiology to their aid in conducting 
them, are looked upon as the highest authorities in every question 
connected with the subject of digestion,—declare [Recherches sur la 
Digestion, Part ii, p. 72,) that the facts which they observed prove 
indubitably that the milkiness of the chyle is owing to its containing 
fatty matter suspended in a state of fine division. When the chyle 
coagulates, a small portion of the fat becomes included in the clot, 
while the greater part remains suspended in the serum, to the surface 
of which it sometimes rises like a cream. From the clot they were 
frequently able to extract a yellowish-brown fat by means of boiling 
alcohol; and on agitating the serum with ether freed from alcohol, it 
gradually became transparent, and the ether when evaporated yielded 
a fatty substance, partly solid and partly fluid (a mixture of stearine 
and elaine), the quantity of which was proportionate to the degree 
of turbidity of the serum. These facts led them to the conclusion 
that the fat of the body is derived directly from the food, and that in 
the chyle at least it is not in the state of solution, but merely of 
minute division, and in this they were further confirmed by the re¬ 
sults of their observations above detailed relative to the effect of 
difference of food on the appearance of the chyle. Ligature of the 
ductus choledochus caused the chyle to be less turbid; and Tiede¬ 
mann and Gmelin believe that this may be accounted for on the 
supposition that the minute division of the fatty matter and its sus¬ 
pension in the watery ffuid are effected by the bile. 

The chyle, however, does not appear to be a mere solution of 
animal matter, containing no other globules than those of fat. 
On treating the milky serum of chyle of the cat with ether freed 
from alcohol, it gradually became more transparent; but there still 
remained a turbid matter at the bottom of the watch-glass, in which 
I could, by the use of the microscope, distinguish globules. I have, 
too, examined with the microscope the milky chyle with which I 
found the lacteals and thoracic duct of a dog filled, on killing him 
five hours after he had taken food, consisting of bread, milk, and 
some butter. In a drop of this chyle I saw numerous globules of 
oil, very unequal in size and quite transparent; but the greater part 
of the globules were of quite another kind, namely, whitish, not 
transparent, and very small, about half or two-thirds the size of the 
particles of the blood of the dog; a difference which I had previously 
remarked in the calf. These minute globules, which are smaller 
than those which I and Dr. H. Nasse observed in human lymph, and 
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are less regular in form than the red particles of the blood, are exces¬ 
sively numerous, and are evidently the cause of the white colour of 
the chyle. Having diluted a small quantity of the chyle with water, 
that the globules might be seen more distinctly by being less closely 
aggregated together, I watched its coagulation under the microscope, 
and could perceive that the change did not consist in the aggre¬ 
gation of the globules, but that, exactly as in the case of the lymph 
or blood, the delicate pellicle or clot which formed was constituted 
in great part by a transparent substance which connected together 
the globules, even though these were widely separated. But in addi¬ 
tion to the delicate pellicles which were thus evidently owing to the 
coagulation of animal matter previously in solution, there formed 
here and there in the drops of chyle small islets of nearly perfectly 
transparent fat: I am unable to say whether these masses of fat were 
produced by the aggregation and cooling of the globules of oily 
matter. The chyle has hitherto been made very little the subject of 
microscopic examination. It would be especially desirable to know 
in what relation the globules of the chyle stand to the red particles 
of the blood; whether the latter bodies are formed from the globules 
of the chyle, or whether the smaller bodies observed by Sir E. Home 
in human blood, and by myself in the blood of frogs and birds, are 
identical with the globules of the chyle. The form of the chyle 
globules in animals, of which the red particles of the blood are large 
and elliptical, should be ascertained; which could be done only in 
the larger reptiles, where the thoracic duct can be more easily found, 
or in fishes. Rudolphi mentions that Leuret and Lassaigne have 
observed the globules of the chyle in birds to be round, although the 
particles of the blood are oval; but the French observers here spoke 
not of chyle globules, but of the particles of chyme taken from the 
intestinal canal. 

The source of the red colour of the chyle has likewise been very 
fully investigated by Tiedemann and Gmelin. They found the red 
colour of the chyle generally more marked in horses than in dogs, 
and even more so in the latter animals than in sheep. In dogs it 
was more distinct when the food had consisted of liquid albumen, 
butter, milk, bone, meat, or bread and milk. The chyle .was white, 
and the red colour of the coagulum very slight, when the food had 
consisted of fibrin, gelatin, soft cheese, starch and butter, or gluten. 
And neither chyle nor clot was at all red, if the dog had eaten coagu¬ 
lated albumen; nor are they so, according to my own observation, 
after a meal of bread, milk, and butter. The chyle was likewise 
devoid of the red tint in dogs killed while fasting, .or after they had 
taken food consisting of starch, milk, raw or boiled beef, beef and 
wheaten bread, or liquid albumen and spelt-bread; and in cats which 
had been fed with bread and milk, or boiled beef. 

The fluid of the thoracic duct in horses killed while fasting, was 
of a darker red colour than in horses which had had a feed of oats. 
The chyle of sheep to which only a little hay or straw had been 
given, was white, with a tinge of red; that of sheep fed with oats, 
was quite white. From the last-mentioned facts, the experimenters 
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inferred that the chyle contains less red colouring matter, the more 
nourishing the food which the animal has taken; and that the red 
colouring matter of the blood is not generated immediately by the 
digestive process. The red fluid conveyed into the chyle by the ab¬ 
sorbents of the spleen more especially must, they observe, give a less 
marked tinge to the chyle when the matter absorbed from the intes¬ 
tines is more abundant. 

In a horse fed with oats, the chyle in the lacteals which had not 
passed through the mesenteric glands, was white; did not become 
red on exposure to the air, and yielded a white clot. The chyle taken 
from the lacteals of the mesentery after they had passed through the 
mesenteric glands, and that of the thoracic duct, were of a light red 
colour; the lymph from absorbent vessels of the large intestine was 
pale yellow, and yielded a white coagulum; that of the absorbents 
of the pelvis was red, and its clot was of a darker red than that of 
the chyle of the thoracic duct. From these facts, which agree with 
the results of Emmert’s experiments, Tiedemann and Gmelin draw 
the conclusion that the red colour of the chyle is imparted to it by 
the mesenteric glands, and by the lymph of other absorbent glands, 
and of the spleen, being derived from the blood circulating in the 
capillaries of these several parts; and they remark that the circum¬ 
stance of its being changed to green by the action of hydro-sulphuric 
acid, demonstrates that it is identical with the red colouring matter 
of the blood. 

Hewson* first observed that the lymph of the spleen resembles 
diluted red wine in colour, and contains red globules. Tiedemann 
and Gmelin observed the red colour, as well when the animals had 
had food as when they had been fasting before death. Fohmann 
{Saugadersyst. der Fische, p. 45,) also has seen the lymph of the 
spleen red in rays opened during life, and maintains that the colour is 
more distinct during digestion, and likewise after long fasting, when it 
is also perceptible in the lymph of the liver. Rudolphi, on the other 
hand, says that the lymphatics of the spleen are usually as white as 
those of the liver and other organs, and that those of other organs 
also sometimes contain a bloody fluid. I must, however, remark 
that the contents of no other absorbents than those of the intestinal 
canal are ever white; and that in some few instances, in which I ex¬ 
amined the lymph of the spleen in oxen just slaughtered, I found it 
in some of the large lymphatics of the colour of dilute red wine. 
Seiler observed a red tinge in a few instances in some of the lym¬ 
phatics running on the spleen in horses; but in most cases it was 
absent; and in oxen, asses, sheep, swine, and dogs, the lymph of the 
spleen was never coloured. The observations of Tiedemann and 
Gmelin prove distinctly, that the red colour of the chyle and lymph 
is owing to the presence of some of the cruorin of the blood; but it 
is not yet known whether this red colouring matter is in solution, or 
attached to the peculiar globules of the chyle and lymph, Tiedemann 
and Gmelin having frequently seen the serum of chyle of a red tint. 

* Op. Posth. Ed. Lugd. Batav. 1785. —Experimental Inquiries. London, 1772* 
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The serum of chyle is, however, rarely quite transparent, and always 
contains globules; and Emmert,indeed,states that he saw red globules 
in the water in which he agitated the red coagulum of chyle. Hew- 
son also saw red corpuscules in the lymph of the spleen. Schultz 
d.Circulation) and Gurlt [Physiol, d. Haussdugethiere) state, 
that they have found in the chyle, in addition to the proper globules 
of that fluid, a few blood corpuscules; and hence infer that the red¬ 
dish colour of the chyle is due to the presence of such red particles, 
of which they suppose the formation to begin in the chyle. 

Fibrin of the chyle,—its source .—The firmness of the coagulum 
of the chyle is different in different animals. The proportion of the 
moist and dried coagulum in the horse, dog, and sheep, is stated as 
follows by Tiedemann and Gmelin:—In 100 parts of chyle 

of fresh coagulum of dry coagulum 

Of the horse, there were . . from 1.06 to 5.65 . . from 0.19 to 1.75 

Of the dog .... 1.36 to 5.77 . . 0.17 to 6.56 

Of the sheep .... 2.56 to 4.75 . . 0.24 to 0.82 

The contents of the thoracic duct coagulated more perfectly when 
the animals were killed while fasting, than when they had taken a 
meal a short time previously; and the amount of fresh and dry 
coagulum was greater in the former case. The dry coagulum of 
the chyle of horses killed while fasting, amounted to from 1.00 to 
1.75; that of horses which had lately taken food, from 0.19 to 0.78 
per cent. 

Tiedemann and Gmelin have moreover confirmed Emmert’s ob¬ 
servation, that the proportion of fibrin in the chyle increases with 
the progress of this fluid towards the thoracic duct. In a horse 
which recently had a feed of oats, the chyle of the lacteals which had 
not passed through the mesenteric glands, did not coagulate; while 
100 parts of the chyle of the lacteals which had passed through 
those glands, aflbrded 0.37 of dry coagulum; the same quantity of 
the chyle of the thoracic duct 0.19, and the same quantity of the 
lymph of the pelvis 0.13. 

On the above facts Tiedemann and Gmelin ground their opinion 
that the fibrin of the chyle is not derived immediately from the food, 
but is formed in the blood and poured into the chyle and lymph by 
the glands of the absorbent system, and by the spleen. And since 
the chyle of the lacteals that had passed through the mesenteric 
glands contained more fibrin than the lymph of the absorbents of 
the pelvis, they conclude that more fibrin is added to the chyle by 
the mesenteric glands than by the glands with which the lymphatics 
of the pelvis communicate. However, the opinion that fibrin is thus 
added to the chyle is as difficult to prove as the opposite hypothesis, 
that the albumen of the chyle itself is converted into fibrin. To 
determine the correctness of either, it would be necessary to ascer¬ 
tain by a great number of experiments the quantity of solid ingre¬ 
dients, and particularly of albumen, in the serum of the fluid con¬ 
tained in different parts of the absorbent system. If, for example, it 
were found that the serum of the chyle of the thoracic duct after the 
separation of the fibrin contained less albumen than the serum of 
35 
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the lymph of the extremities, and of the chyle of the lacteals, it 
would be certain that albumen is converted into fibrin in the ab¬ 
sorbent system, since it would then appear that the albumen dimi¬ 
nished in quantity while the quantity of the fibrin increased. The 
results obtained by Gmelin and Tiedemann, relative to the propor¬ 
tion of solid contents in the serum, were, however, only contra¬ 
dictory. The amount of the solid substances dissolved in the serum 
varied from 2.4 to 8.7 per cent. In the horse which had been fed 
with oats. 

The serum of the chyle of the lacteal contained of solid ingredients 4.9 per cent. 

“ “ thoracic duct .... 3.04 

“ “ lymph of the pelvic lymphatics . 3.1 

In the horse which was killed while fasting, on the contrary, 

The serum of the contents of the thoracic duct contained of solid ) . » . 

ingredients.J 4.7 per cent. 

The serum of lymph from the lumbar plexus of lymphatics . . 3.7 

In whatever the change in the chyle consists,—whether in the 
addition of new matter, or in the conversion of one of its ingredients 
into another substance,—it must evidently be effected by the coats 
of the lacteal and lymphatic vessels, both those which run a distinct 
course, and those convoluted or interlaced lymphatics of which the 
absorbent glands (see page 280,) are formed. 

The coats of the absorbents being traversed by capillary blood¬ 
vessels, it is possible that the fibrin, as well as the colouring matter 
of the blood, may permeate the membranous coats of the vessels and 
enter the chyle: and on account of the greater surface afforded in 
the mesenteric glands by the convoluted and reticulated vessels of 
which they are formed, this would take place to a greater extent in 
them than in other parts of the lacteal system. But the red particles 
themselves cannot in this way enter the chyle from the blood.* 

The analysis of the serum of the chyle by Gmelin showed that 
the same salts exist in it as are met with in the intestinal canal. The 
following are the solid ingredients of the serum of the chyle of the 
horse, according to that chemist:— 

Albumen ..55.25 

Osmazome, with acetate of soda, and chloride of sodium (the most abun- ) 

dant saline ingredient), which was crystallised in octohedrons, probably / 16,02 

from containing some animal matter. . j 

A matter soluble in water and insoluble in alcohol, and resembling salivary 1 

extractive matter, with carbonate and a very small quantity of phosphate > 2.76 

of soda ... . 3 

Brown fatty matter.. . . . 15.47 

Yellow fatty matter. 6,35 

Carbonate and some phosphate of lime obtained by calcination of the) g -g 
albumen.t * 


Tiedemann and Gmelin found no traces of the substances used as 


* On the very doubtful hypothesis, that the chyle is poured directly into minute 
veins in the mesenteric glands, as well as concerning the supposed connection of 
the veins and absorbents, see page 274. 
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food in an unaltered state in the chyle; they observed merely that, 
when the animal had taken butter, the chyle contained an abun¬ 
dance of fatty matter, and in the chyle of one dog which had taken 
starch they detected sugar. 

Comparison of the chyle and lymph. —Both chyle and lymph 
contain globules; but those of the transparent lymph are very few 
in number, while those of the chyle are so numerous as to give it a 
milky appearance. They both contain fibrin, which likewise, how¬ 
ever, seems to be contained in smaller quantity in the lymph; for 
Tiedemann and Gmelin found that 100 parts of the chyle of the lac- 
teals which had traversed the mesenteric glands in a horse previously 
fed with oats, yielded 0.37 of dry coagulum; while the same quan¬ 
tity of lymph from the pelvis afforded only 0.13. This great appa¬ 
rent difference may, however, be owing to a portion of the numerous 
globules of the chyle being included with the fibrin in the coagulum. 
The fatty matter which is not perceived in the lymph, but is contained 
in so large a quantity in the chyle, giving rise to the cream-like pellicle 
which forms on its surface, constitutes another point of diflerence. 
The saline matters appear to be about the same in both. 

Comparison of the chyle with the blood. —The chyle, as it is ob¬ 
tained from the thoracic duct, differs from the blood,— 

1. In its globules being insoluble in water, while the red particles 
of the blood, with the exception of their nucleus, are readily soluble 
in that fluid. 

2. In its wanting the red colouring matter (though this difference 
is not constant). 

3. In the form and size of its globules. 

4. In its alkalinity, which was noticed by Emmert, Vauquelin, 
and Brande, being, according to Tiedemann and Gmelin, always less 
marked than that of the blood, and sometimes absent. 

5. The proportion of solid ingredients is less in the chyle than in 
the blood. One thousand parts of chyle contain, according to Vau¬ 
quelin, only from 50 to 90 parts of solid matter; while the propor¬ 
tion of solid ingredients in the blood is stated by Prevost and Dumas 
to be 216 parts, and by Lecanu 185 parts, in a thousand. 

6. In 1000 parts of serum of the blood there are, according to 
Reuss and Emmert, 225, and in 1000 parts of serum of chyle only 
50, parts of solid matter. From the serum of the chyle of sheep, 
dogs, and horses, Tiedemann and Gmelin obtained from 2.4 to 7.8 
per cent, of solid matter; while Prevost and Dumas state the amount 
of solid ingredients in the serum of the blood of those animals, to be 
from 7.4 to 9.9 per cent. 

7. The proportion of fibrin is much less in the chyle. Tiedemann 
and Gmelin obtained from the chyle of the animals just named only 
from 0.17 to 1.75 per cent, of dry fibrin: and, according to Reuss 
and Emmert, [Scherer^s Journal^ v. 164,) 1000 parts of blood of 
the horse contain 75 parts of (moist?) fibrin, while 1000 paits of 
chyle contain only 10 parts. 

8. The fibrin of the chyle appears to differ somewhat from that of 
the blood; for Brande has observed that acetic acid dissolves but a 
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small part of the chylous coagulum, which in this respect resembles 
albumen, while fibrin of the blood is generally readily soluble in that 
acid. 

9. Chyle contains a large quantity of fat in a free state, while the 
fat of the blood is wholly in a state of combination with other 
matters; but the coagulum of chyle likewise contains fat in a com¬ 
bined state. 

10. The chyle, like the blood, contains iron, which it derives from 
the food, and conveys into the blood: but the metal appears to be in 
a state of much less intimate combination in the chyle than in the 
blood; for it can be extracted from it by means of nitric acid, and 
then forms a black precipitate with tincture of galls, and a blue with 
prussiate of potash. Even the serum of chyle afforded evidence of 
containing iron when it had been freed from its albumen. {Reil’s 
Archiv. viii. p. 167.) Emmert, however, imagines that the iron 
contained in the alimentary matters in the small intestine is more 
highly oxidised than in the chyle, first, because fluid of the small 
intestine of the horse is acid; and secondly, because in the filtered 
fluid obtained from a horse’s intestine which was filled with digested 
aliment, a black precipitate was produced by tincture of gall, and a 
blue one by prussiate of potash, immediately on the admixture of 
these re-agents, while in chyle the change of colour in each case 
takes place very slowly. 

Death is ordinarily the inevitable consequence of ligature of the 
thoracic duct, ensuing, according to Duvernoy, in fifteen, according 
to Sir A. Cooper, in from nine to ten days; and in horses, as appears 
from Dupuytren’s experiments, in five or six days. Sometimes the 
animals do not die, and in these cases we must suppose that there 
existed several vessels connecting the lower with the upper portion 
of the thoracic duct; or that there were branches connecting the 
thoracic duct with the vena azygos-^a structure which Panizza has 
seen in the hog, and Wutzer and I have once observed in the human 
subject; or we must admit that there were two thoracic ducts, as in 
bir dsand tortoises.* 


CHAPTER VII. 

OF THE FUNCTION OF THE SPLEEN, THE SUPRA-RENAL CAPSULES, THE 
THYROID AND THE THYMUS GLANDS. 

These are glands unprovided with an efferent duct; they agree in 
having the common function of impressing some change on the blood 

* The principal treatises on the chyle are those of Werner, De mode quo 
Chymus in Chylum mutatur,—Tiibingse, 1800; Horkel’s Archiv. fur die thierische 
Chemie, t. i. Heft ii.; Emmert und Reuss, Scherer’s Journal, v. p. 154—691; 
Emmert, Reil’s Archiv. viii. p. 145; Marcet, Medico-chirurg. Transact. 1815, vi. 
618: Brande, Philos. Transact. 1812; Prout, Annals of Philos, xiii. p. 12, 263; 
Ant. Muller, Diss. exp. circa Chylum.—Heidelb. 1819; Tiedemann and Gmelin, 
Rech. sur la Digestion, part ii. 
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which circulates through them, or in yielding a lymph which plays a 
special part in the process of chylification and sanguification; for the 
venous blood and the lymph are the only matters returned by them 
into the general system. 


a. OF THE SPLEEN. 

Structure of the spleen* —The spleen is met with only in the ver¬ 
tebrate classes, and in them is nearly constant. Rathke and Meckel 
have stated that it is absent in the cyclostomatous fishes (the Petro- 
myzon and Ammocoetes.) There is, however, a glandular organ near 
the cardia of the Petromyzon marinus, which Mayer {Froriep's No- 
tizen, 737,) regards as a spleen. In the Myxine, Retzius has found 
the spleen to be really wanting; an observation which I can confirm, 
and which I find to apply likewise to the allied genus Bdellostoma. 
With these exceptions, the spleen is universally present in the Verte- 
brata. In the Cetacea the organ is divided into several small masses. 

In man and Mammalia the spleen lies in that fold of peritoneum 
which is continuous with the serous covering of the anterior and 
posterior surfaces of the stomach, and extends between the great 
curvature of the stomach, the diaphragm, and the transverse colon; 
and which, at the part where it connects the stomach to the trans¬ 
verse colon, is called great omentum. This portion of peritoneum 
passed originally from the spinal column in the middle line to the 
great curvature of the stomach, forming a mesogastrium, (See J. 
Midler, in Meckel’s Jlrchiv. 1830, p. 395,) in which the spleen was 
developed. The spleen, therefore, is not an organ proper to the left 
side of the body, of which the fellow of the opposite side is wanting; 
but it should be regarded as an organ originally situated in the 
middle line, just like the liver, which at first, when its two lobes 
were equal, did not belong to the right side more than to the left. 

The spleen is invested by a strong fibrous membrane, which sends 
numerous band-like processes into its interior, so as to support the 
soft, pulpy, red tissue of the organ. In the red substance there are, 
in many animals, whitish round corpuscules, visible by the naked 
eye, which were first discovered by Malpighi, and of which, the 
existence in the human spleen has been at one time admitted, at 
another denied. 

The corpuscules of the human spleen are described by Dupuytren 
and Assolant as greyish bodies, devoid of internal cavity, and mea¬ 
suring ith of a line to 1 French line in diameter, and so soft as to 
take a liquid form when raised on the knife. Meckel describes 
them as roundish whitish bodies, |th of a line to 1 line in diameter, 
most probably hollow, at all events very soft, and very vascular. 
Such soft bodies are certainly met with sometimes in the dog and 
in the cat, and in very rare instances in the human subject. They 
are the parts which Home, Heusinger, and Meckel describe to swell 
considerably in animals after drink is taken; an assertion, the cor¬ 
rectness of which I doubt. I can throw no light on the nature of 

* See Muller, in the Archiv. fiir Anat. und Physiol. 1834, i. 

35 * 
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these bodies; they are very dilFerent from the grape-like corpuscules 
discovered by Malpighi in the spleen of some herbivorous quad¬ 
rupeds. 

I have found the Malphigian corpuscules in the hog, sheep, and 
ox. They are most easily examined in the hog. On an accurate 
examination of the corpuscules in the spleen of the hog, I found that 
none are isolated; that each sends out processes towards one or both 
sides; and that sometimes, though rarely, they are united in a line like 
the knots of a cord, each knot sending out other smaller threads; gene¬ 
rally they are attached by short pedicles to fibres which are branches 
of other fibres, or, which is most frequent, they are sessile, and 
attached by a more or less broad base to the side of ramifying fibres. 

By means of fine injections I ascertained that the vessels to which 
the corpuscules are attached, are branches of the splenic artery, and 
that it is more especially with the sheaths of these arteries that they 
are connected. 

In the interior of the corpuscules there is a fluid, white, pulpy 
matter, which consists for the most part of irregularly globular par¬ 
ticles, nearly all of equal size, and of about the same diameter as the 
red particles of the blood, though not flattened like them. Under 
the microscope they have the same appearance as the granules of 
the pulpy substance of the spleen, and are of the same size. 

The red pulpy substance consists of a mass of red-brown granules, 
as large as the red particles of the blood, but differing from them in 
form, being irregularly globular, not flattened. These granules are 
easily separable from each other. In the mass which they form, the 
minute arteries ramify in tufts, and terminate in the plexus of venous 
canals into which all the blood of the spleen is poured, before it is 
carried out of the organ by the splenic vein. The anastomosing ve¬ 
nous radicles, which are of considerable size, appear to have scarcely 
any distinct coats. If a portion of the pulpy substance of the spleen 
is examined attentively, it is seen to be everywhere perforated with 
small foramina, which are spaces bounded by the reticulated sub¬ 
stance of the organ. These spaces are venous canals; on inflating 
them the organ acquires a cellular appearance; and if they are in¬ 
jected with wax, the substance of the spleen will present a great 
resemblance to the corpora cavernosa penis. There afe no true 
cells in the spleen. The white corpuscules are embedded in the 
pulpy substance, and not contained in cells, as Malpighi supposed. 
A fibrous trabecular tissue intersects in all directions the very soft 
pulpy red substance, and aflbrds support to the texture of the organ. 

In the human spleen the Malpighian corpuscules are distinguished 
with great difficulty. I have recently seen them in a spleen which 
had been macerated. They are very firm, and much smaller than the 
greyish soft points sometimes seen in cut surfaces of the spleen, which 
have been described under the name of the Malpighian corpuscules, 
but are really very different from them. 

Function of the spleen .—We are quite ignorant of the office of 
the spleen; we merely know that its importance in the economy is 
not great: the experiments of numerous observers have shown that 
it may be extirpated without any remarkable ill consequence. 
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All the theories which regard the spleen as essentially connected 
in its function with the liver, can be shown to be fallacious. No 
value can be accorded to the circumstance that the splenic veins join 
the vena portae, and to the hypothesis, thence deduced, that the spleen 
prepares the blood for the secretion of the bile; for in this respect it 
does not differ from all the chylopoietic viscera, nor even from the 
inferior extremities in the lower Vertebrata and the generative 
organs and air-bladder of fishes. 

Dobson’s hypothesis, that the spleen is the receptacle for the in¬ 
creased quantity of blood which the system acquires from the food, 
and which cannot, without danger, be admitted into the blood-vessels 
generally, and that it regains its previous dimensions after the volume 
of the circulating fluid has been reduced by secretion. The premises 
of this theory do not appear to me to be sufficiently proved. Dob¬ 
son repeated Magendie’s experiment of injecting fluids into the veins 
of an animal, and, he says, with the same result with regard to the 
spleen, namely, the increase of its size. 

The assertion of Defermon, [Nouv. Biblioth. MM. Mars. 1824.— 
Froriep’s Not. 148,) that the spleen undergoes changes of volume 
when certain substances are taken into the system—for example, 
that it becomes smaller under the influence of strychnine, camphor, 
and muriate of morphia—appears to me likewise to require con¬ 
firmation. The function of the spleen probably consists in the pro¬ 
duction of some change, of unknown nature, in the blood which 
circulates through its tissue, and in thus contributing to the process 
of sanguification; or in the secretion of a lymph of peculiar nature, 
which, being mixed with the contents of the lymphatic and lacteal 
system coming from other parts, tends to perfect the formation of the 
chyle. There are no other ways than the lymphatics and veins by 
which any animal matter, modified by the action of the spleen, can 
be conveyed away from it. Tiedemann believes that the lymphatics 
perform this office; but whether he is correct or not is quite uncer¬ 
tain, and the nature of the change which the animal matter is sup¬ 
posed to undergo in the spleen is still less known. 

The blood of the splenic vein, according to Tiedemann and Gme- 
lin, [Reck, stir VMsorption .— Fersuche ilber die fVege, &c. p. 70,) 
does not differ from other venous blood; they saw it coagulate like 
the blood of other organs. The older physiologists, and more re¬ 
cently Autenrieth, {Physiologies ii. 77,) maintain, however, that the 
blood has peculiar characters. Schultz, {RusVs Magazin. 1835, 
327,) too, found the blood of the vena portse of a darker tint than 
other venous blood, and the dark colour was most evident in animals 
which were fasting. Neither neutral salts nor the action of the air 
had the effect of rendering it of a brighter red colour; its coagulum 
was less firm than that of other blood, and it contained less fibrin 
and albumen, but more fatty matter. 

Mr. Hewson {Experimental Inquiries) supposed that it was the 
office of the spleen, as well as of the lymphatic glands and thymus 
body, to secrete from arterial blood a fluid which, mixed with lymph, 
should give rise to the formation of red blood particles. This, how- 
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ever, cannot be true; for the red particles are formed equally well 
after the extirpation of the spleen. The reddish colour of the lymph 
of the spleen, observed by Hewson,Tiedemann and Fohmann, is not 
constant. 

Mayer has asserted that the spleen is reproduced after extirpation. 
He says, that after the lapse of some years he has found in rumi¬ 
nating animals, in the place of the spleen, which had been removed, 
a body of the size of a lymphatic gland: this would be an interesting 
fact if it could be satisfactorily proved; which, however, is scarcely 
possible, for animals often have small accessory spleens (splenculi), 
and, besides, in the operation of extirpation a small portion of the 
organ might be left behind in the body. The presence or absence 
of the bunches of white corpuscules, above described, might aid in 
determining whether any substance were spleen or not. 

b. Of the supra-renal Capsules. 

Their structure .—The supra-renal capsules are met with in man, 
in Mammalia, in birds, and in a rudimentary state in reptiles, and in 
the sharks and rays. Retzius has described them in serpents, and 
sharks and rays; and Nagel has found traces of them in crocodiles, 
in chelonian reptiles, and in serpents. Nagel agrees with Retzius 
in regarding the fat body of the frog as a distinct structure from the 
supra-renal capsule, the true analogue of which he believes to be a 
line of yellow granular substance on the anterior surface of the 
kidneys. 

The supra-renal capsules are formed of a yellow cortical substance 
which consists of vertical fibres, and of a dark spongy medullary 
portion. The only cavity in the interior of the organ is that of the 
vein which lies in its centre. In the cortical substance the minute 
arteries and veins are of uniform size, and nearly as delicate as the 
ordinary capillaries of other parts, and are regularly arranged in a 
radiated manner, running nearly parallel to each other from the sur¬ 
face towards the interior. There are no grounds for the belief that 
the supra-renal capsules are deficient in acephalous monsters more 
frequently than any other organs. 

The function of the supra-renal capsules is unknown. The 
researches of Meckel and myself have shown that, in the human em¬ 
bryo, they are originally larger than the kidneys; and in an embryo 
one inch long, for example, even conceal the kidneys from view. 
It is not until the tenth or twelfth week that the latter organs equal 
the supra-renal capsules in size. In other mammiferous animals I 
have never found the supra-renal capsules of larger size than the 
kidneys at any period. They have no physiological connection with 
the urinary organs. In a case in which the left kidney was abnor¬ 
mally situated on the right side, I found the corresponding supra¬ 
renal capsule in its usual place; while in another instance, where 
the kidney was atrophied, the supra-renal capsule of the same side 
was of its natural size and structure. 
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c. Of the Thyroid Body. 

Structure. —The thyroid body, or gland, appears to contain very 
small cells, the connection of which, as well as the proper structure 
of the organ, are unknown. In goitre the cells become enlarged, 
and contain an albuminous matter. Function unknown. 

d. Of the Thymus Gland. 

Structure. —The thymus gland, in proportion to the size of the 
body, is largest in the foetus, but continues to grow after birth, and 
remains of considerable size during the first year, after which it 
gradually diminishes until it has about the time of puberty wholly 
disappeared. Krause, [MulleFs *drchiv. 1837, p. 6,) however, has 
recently stated, that in almost all individuals of ages between 20 
and 30 years, in whom he has examined the condition of the thymus, 
he has found it still existing, and in many instances of larger size 
than in young children; and in persons between 30 and 50 years of 
age, he has seen it still of considerable size. 

In the calf, the organ consists of lobes which are divisible into 
smaller lobules. Each lobule is constituted of numerous secreting 
cells, and larger cavities or reservoirs. 

In the human subject the largest lobuli do not exceed a pea in 
size. The essential point in the structure, therefore, as ascertained, 
by Sir A. Cooper, is that the small cells or cavities in the substance 
of the lobules communicate with other pouch-like cavities at their 
base, which again lead by small openings into the common reservoir. 
Sir A. Cooper describes a large lymphatic, which is easily injected, to 
be connected with each cornu of the thymus in the foetal calf, and to 
terminate at the point of junction of the two jugular veins with the 
superior vena cava. But the connection of the lymphatics with the 
cavities in the gland has not been demonstrated. 

The fluid of the thymus is whitish, contains microscopic white 
particles, and is coagulable by alcohol, mineral acids, and heat. 
Liquor potassse converts it into a tenacious substance. One hundred 
parts contain sixteen parts of solid matter. The saline ingredients 
are muriate and phosphate of potash and soda, with a trace of phos¬ 
phoric acid.' The nature of its proximate animal components is im¬ 
perfectly known. Fibrin appears not to be one of its ingredients, 
and this circumstance distinguishes it from lymph and chyle. 

Function of the thymus. —The anatomical facts detailed by Sir 
A. Cooper would seem to indicate that a peculiar albuminous fluid 
is conveyed from the thymus gland to the veins by the lymphatics. 
It appears quite vain to attempt by hypothesis to explain how the 
organ can contribute to the formation of the blood in the foetus and 
child. But every hypothesis which regards it as an organ adapted to 
the necessities of foetal life, and not to those of the child, must be 
incorrect. 

Henle has found that the acini of the glands without excretory 
ducts are composed of regular nucleated cells, which he supposes to 
have the function of effecting a chemical change in the blood circu¬ 
lating around them. 
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SECTION III. 

OF SECRETION. 

CHAPTER I. 

Of the Secretions in General. 

During the passage of the blood from the minute arteries through 
the capillary system of vessels into the radicles of the venous system, 
a part of the “liquor sanguinis,’’ with the matters dissolved in it, is 
imbibed by the tissues, and by their agency undergoes a chemical 
change. Some of its components are extracted from it, while it re¬ 
ceives in exchange other matters derived from the parenchyma. 

The changes which the organic matter suffers in this way may be 
termed generally transformations or “ metamorphoses.” They are 
of three kinds:— 

1. Transformation of the components of the blood into the or¬ 
ganised substance of the different organs,— “ intus-susceptiof or 
nutrition, which will be treated of in the next section. 

2. Transformation of the components of the blood on the free sur¬ 
face of an organ into a solid unorganised substance, which is the 
mode of growth of the non-vascular textures,—“ appositio.^^ 

We have, however, already seen, that the substance composing 
the non-vascular tissues is as much organised as the elementary parts 
of the vascular structures, and that their process of growth is essen¬ 
tially the same. 

3. Transformation of the components of the blood into a fluid mat¬ 
ter which escapes on the free surface of the organ,—secretion, which 
is the subject of the present section. 

The matters separated from the blood by the action of a secreting 
organ are,—1. Substances which existed previously in the blood, and 
are merely eliminated from it: such are the urea, which is excreted 
by the kidneys; and the lactic acid and its salts, which are compo¬ 
nents both of the urine and of'the cutaneous perspiration. These 
are called excretions; and the process of their separation from the 
blood, excretion. The excretions which are met with most gene¬ 
rally in the animal kingdom, namely, the urine, and the fluid perspired 
by the skin, are in the human subject acid; but all excretions are not 
acid, as Berzelius formerly supposed, for the urine of some herbivo¬ 
rous animals is alkaline, as are also some of the excretions peculiar 
to several animals; for instance, the acrid matter excreted from the 
skin of the toad. 2. Substances which cannot be simply separated 
from the blood, since they do not pre-exist in it, but which, on the 
contrary, are newly produced from the proximate components of the 
blood by a chemical process; such are the bile, the semen, the milk, 
mucus, &c. These are called secretions. 
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These true secretions are again divisible into two series;— 

a. Some either fulfil no further purpose in the animal economy by 
which they are formed, or at most serve for its defence by being 
poisonous to other animals, or attract or repel other animals by dif¬ 
fusing peculiar odours. Secretions of this kind may have their seat 
at almost any part of the surface of the animal body. As examples, 
we may instance the acrid secretions of many beetles, of wasps, 
bees, and the scorpion; the peculiar secretions of which spiders form 
their web, insects and spiders their cocoon, and mussels their byssus 
for attachment; the ink of the cuttle-fish; the castoreum of the pre¬ 
putial follicles of the beaver; and the secretion of the musk-bag, 
situated under the skin of the abdomen above the penis, and opening 
in front of the prepuce in the musk-deer.* 

Besides their action out of the system, such secretions may have 
an importance in the economy of the animal which forms them, in¬ 
asmuch as, being formed at the expense of the proximate components 
of the blood, their production must be attended with a change in its 
composition, and the suppression of them would, in some cases, per¬ 
haps, be equally as injurious to the system as the suppression of 
certain morbid discharges in the human body, which are to be re¬ 
garded as means of preserving the healthy constitution of the blood. 
In the case of the conversion of one organic compound into another 
out of the body, certain elements which are not necessary to the new 
compound are set free; for example, during the generation of alcohol 
from sugar carbonic acid is disengaged. The production not merely 
of the cutaneous exhalation and of the urine, but also of the peculiar 
secretions of many animals, may be explained in a similar manner. 
The formation and elimination of the urea have the same relation to 
the production of higher organic products, as the evolution of car¬ 
bonic acid has to the formation of alcohol from sugar. If morbid 
secretions are regarded in the same point of view, they must be dis¬ 
tinguished into two kinds; first, those the elimination of which is 
absolutely necessary for the preservation of the normal constitution 
of the blood, and which cannot with impunity be checked, unless the 
process of sanguification generally has previously undergone a 
favourable change; and, secondly, those morbid secretions which 
are merely the result of local conditions, and may be arrested without 
danger. Accordingly, after amputation of a part which has been 
the seat of a copious but not cachectic suppuration, a surgeon is not 
justified, according to physiological principles, in instituting vicarious 
discharges, or in preventing the healing of the wound by the first 
intention. 

b. Other secretions, such as the milk, bile, semen, and mucus, serve 
further purposes in the animal economy. 

The true secretions are frequently alkaline, but by no means al¬ 
ways so; and one and the same secretion (we may instance the saliva 

♦ For an account of these and many other analogous glands, see J. Muller, De 
Glandul. secernent, structura penitiori. Lipsise, 1830. An abridgerrient of which 
work has recently been published in the English language, with additions, by Mr. 
Solly. 
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or the pancreatic fluid) often alternates from the acid to the alkaline 
state under the influence of trifling circumstances. 

The formation of any one of the peculiar secretions^ the essential 
proximate constituents of which do not exist in the blood itself, pre¬ 
supposes the operation of a special chemical apparatus, whether this 
be a membrane or a gland; and the destruction of the secreting ap¬ 
paratus must put a permanent stop to such a secretion; thus, the 
semen can no longer be formed after the removal of the testes, nor 
the milk after the extirpation of the mammary gland. Halier’s 
assertion, {Element. Physiol, ii. 369,) that almost all secretions may, 
under the influence of disease, be formed by each and every secreting 
organ, is incorrect. Cases sometimes occur in which the secretion 
continues to be formed by the natural organ, but, not being able to 
escape towards the exterior on account of some obstruction, is re-ab¬ 
sorbed into the blood, and afterwards discharged from it by exuda¬ 
tion in other ways; but these are not instances of true vicarious secre¬ 
tion, and must not be thus regarded. Only the excretions — those 
matters which exist ready formed in the blood, and of which urea is 
an example,—can, after the destruction of the excreting organ, be 
eliminated from the vessels in all parts of the body by the process of 
exudation. 

Secreting apparatus. —The apparatus for the formation of the 
animal secretions are either cells, such as those of the adipose tissue; 
plane membranes, such as the synovial and serous membranes; or 
organs of peculiar complex structure, the glands. 

1. Secreting cells. —The cells of the ovary—vesicul® Graafianae— 
filled with an albuminous fluid in which the much more minute 
ovulum is developed, and the cells of the testes of some fishes,—of 
the eel and small lamprey, for example,—in which the testis has no 
seminal or efierent duct, as Rathke first observed, and in which the 
semen escaping by rupture of the cells into the abdominal cavity is 
evacuated from it again by a single orifice, are instances of secreting 
cells. Secretion by cells is, however, observed to the greatest extent 
in the adipose cellular tissue. 

The fa t is merely a deposit in the cells of the cellular tissue. It is 
met with in the subcutaneous cellular tissue, in the omentum, around 
the kidneys, in the medullary cavity and cells of bones, and less ex¬ 
tensively in several other parts. A special structure appears not to 
be necessary for its secretion, since it can be deposited in all parts. 
It is quite unorganised, and at the temperature of the human body 
is even fluid or soft. The different kinds of animal fat are chieffy 
distinguished by the different degrees of temperature at which they 
become fluid or soft, and by the different proportions of stearin and 
elain which they contain. Human fat is among the softer kinds. 
The adipose matter of cold-blooded animals is still fluid at ordinary 
temperatures. The chemical composition of fat has been already 
stated. (Page 132.) The use of the fat evidently consists partly in 
contributing to preserve the proportions of the external form, and 
partly in protecting the internal parts by virtue of its being a bad 
conductor of caloric. But the fat may likewise be regarded as a 
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deposit of nutriment, which during fasting, and also during wasting 
of the body, is again easily dissolved by being united with other 
animal matters, or by being converted into a saponaceous state, and 
having thus again entered the circulation, is applied to the formation 
of other organic compounds. 

The nucleated cells of the fat, and their connection with the cellular 
tissue have been already described, (p. 110.) 

The pigment cells (for example those of the choroid coat of the 
eye) and the nucleated globules of nervous ganglia, may also be re¬ 
garded as secreting cells; the granules of pigment in the one case, 
and the gray nervous matter in the other, being the products of the 
secreting action of the cells containing them, just as the fat is of that 
of the cells of the adipose tissue. We shall, moreover, find that closed 
cells seem to play an important part in the action of many glands. 

2. Secreting membranes .—The principal secreting membranes are 
the serous membranes, the mucous membranes, and the skin. 

a. The serous membranes seem to be formed of fibres like those 
of cellular tissue (see page 110), aggregated in the same way into 
bundles, which are interwoven together so as to form a membrane, 
the free surface of which is covered by a layer of epithelium. The 
layer of fibres being often deficient, for example, beneath several of 
the serous surfaces of the brain, M. Henle {Muller’s %firchiv. 1838, 
p. 120,) suggests that the epithelium may be regarded as the more 
characteristic element of the serous membranes, to which it gives the 
peculiar property of their surface. There are three orders of serous 
membranes: 1. The synovial bursae, of which some are subcutaneous, 
while others either surround or are situated beneath tendons, and 
give them an investment. These structures, however, being destitute 
of epithelium, should not, according to M. Henle’s view, be classed 
with the serous membranes. 2. The synovial membranes of joints, 
which likewise invest the tendons or ligaments that pass through 
their cavities, and have a thick layer of epithelium like that of the 
skin. The synovia is an alkaline albuminous fluid, which coagulates 
at the boiling temperature. 3. Serous membranes which line vis¬ 
ceral cavities. 

Many persons have imagined that the serous cavities during life 
contain a gas, without once inquiring what kind of gas could exist 
there. The supposition is erroneous. The serous membranes are,* 
during life, so filled with the viscera, that there exists no space un¬ 
occupied; and only just so much fluid is secreted by the membrane 
as is necessary to lubricate the contiguous surfaces, and to prevent 
adhesions. By the constant action of the abdominal muscles the 
viscera of the abdomen are kept closely pressed together, and any 
change of capacity which the abdominal cavity undergoes must 
depend on the varying fulness of the intestinal canal. Between the 
pleura costalis and pleura pulmonalis there is likewise during life 
not the smallest space; for the surface of the lungs follows constantly 
the movements of the thoracic parietes, on which provision, indeed, 
respiration depends. There is also no necessity for supposing the 
existence of any gaseous matter between the heart and pericardium 
36 
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during life, for one part of the heart is always distended with blood, 
while the other part is contracted; and even if a vacuum could be 
produced in the pericardium by the contraction of one part of the 
heart, it would be immediately occupied by the lungs, expanded by 
the external air entering through the bronchi. 

There subsists between the different serous sacs such a sympathetic 
connection, that inflammation in one is readily communicated to the 
others. They become vascular by inflammation. A disease peculiar 
to them is the effusion of the serum of the blood, and it frequently 
occurs when the viscera invested by them are the seat of organic 
disease. The fluid effused into the large serous cavities, frequently 
contains not merely the components of true serum of the blood, but 
also fibrin in solution, as is shown by its spontaneous coagulation to 
a jelly-like mass, which afterwards separates into a clot of small size, 
and a limpid fluid. In consequence of this coagulation of the fibrin 
not taking place generally until after the lapse of several hours, it has 
been, until recently, seldom observed. 

The mucous membranes line all those passages by which internal 
parts communicate with the exterior, and by which either matters 
are eliminated from the body or foreign substances taken into it. 
They are soft and velvety, and extremely vascular. In their chemi¬ 
cal properties they appear to differ essentially from the skin; for they 
yield no gelatin by boiling, are wholly insoluble in water, and even 
by long continued boiling are merely rendered hard and brittle. 
Their basis, or proper texture, would seem therefore to belong to the 
albuminous structures, (page 115.) Their internal or free surface is 
covered with epithelium, the structure of which has been described 
at page 108. The external surface of the mucous membranes is 
attached to various other tissues: in the tongue, for example, to 
muscle; on cartilaginous parts, to perichondrium; in the cells of the 
ethmoid bone, in the frontal and sphenoid sinuses, as well as in the 
tympanum, to periosteum; in the intestinal canal it is connected with 
a firm membrane or fascia, (the tunica propria of the intestines,) 
which on its exterior also gives attachment to the muscular fibres of 
the third coat of the intestines. 

The mucous membranes may be distinguished into several princi¬ 
pal tracts:—1. The mucous membrane of the nose, from which pro¬ 
longations are sent into the sinuses communicating with the nostrils; 
and which, through the medium of the lachrymal canal and puncta, 
is continuous with the conjunctiva of the eye and eyelids. The con¬ 
junctiva is as certainly a mucous membrane as any other of which 
the character has not been doubted. It participates in the diseases 
of the mucous membranes, as well the chronic blennorrhosa as the 
catarrhal affections; and in every case of violent catarrh of the mu¬ 
cous membrane of the nose, the conjunctiva is affected in both stages 
of the disease. It has nothing in common with the serous mem¬ 
branes, either in its secretion,—for the limpid secretion of the eyes is 
derived from the lachrymal gland,—or in its form, which is not that 
of a closed sac. 

2. The mucous membrane of the mouth. This mucous tract com¬ 
municates in the throat with that of the nose, and sends a prolonga- 
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tion through the Eustachian tube to line the tympanum, and the 
inner surface of the membrana tympani. In the mouth, moreover, 
it sends prolongations into the excretory ducts of the salivary glands; 
and in the pharynx divides into two great branches, of which the 
one lines the air tubes, and the other the alimentary canal. The 
mucous lining of the air tubes ends by forming the delicate mem¬ 
brane of the pulmonary vesicles; while that which is continued into 
the alimentary canal, besides investing its inner surface in its entire 
extent, also sends processes into the ducts of the pancreas and liver, 
and in birds communicates in the cloaca with the next tract of mucous 
membrane. 

3. The mucous membrane of the generative and urinary appa¬ 
ratus, which lines the whole of the urinary passages, from their ex¬ 
ternal orifice to the calyces of the kidneys, extends into the organs of 
generation as far as the ducts of the glands connected with them, and 
in the female becomes continuous with the serous membrane of the 
abdomen at the fimbriae of the Fallopian tubes. 

'I'he mucous membrane of the digestive canal has been already 
described, (pages 271 and 344.) 

In fishes all the mucous membranes are brought into relation 
with each other through the medium of the mucous surface of their 
skin. 

A remarkable sympathy is observed to exist between all the 
mucous membranes; thus their diseases, particularly the mucous 
discharges and the catarrhal affections, have a great tendency to 
spread in them. By virtue of this sympathy the state of one part of 
these membranes may be ascertained by examining another part: so 
that the state of the mucous membrane of the tongue indicates the 
condition of that of the stomach and intestinal canal. All the mu¬ 
cous membranes have likewise an extraordinary sympathetic con¬ 
nection with the respiratory movements. 

The diseases peculiar to these membranes are the blennorrhoeae or 
mucous discharges, and the catarrhal affections, which are distin¬ 
guished from the former by their acuteness, that is, the rapidity of 
their increase and decline, and by their having two stages,—the first, 
that of congestion,—the second, that of increased secretion. 

Mucus is secreted by the lining membranes of the maxillary, 
frontal, and sphenoidal sinus, and of the tympanum, which have no 
follicles, as well as by those membranes which have them. The 
follicles, therefore, cannot be the sole source of the mucous secretion. 
These follicles or glands, moreover, are merely sac-like depressions 
of the mucous membrane. In those membranes which are covered 
with epithelium, by which, therefore, another secretion besides mu¬ 
cus is formed, the latter would seem to be generated in the follicles. 
All mucous membranes, however, have an investment of epithelium, 
and the mucus which covers their surface consists chiefly of separated 
particles of this epithelium mixed with a fluid exudation; while 
the mucous follicles, where they exist, seem to pour out a fluid hold¬ 
ing the mucous globules suspended. The so-named mucous follicles, 
such as those of the lips and cheeks are, according to Henle, glands 
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of the same structure as the salivary glands. The substance of these 
glands consists of a mass of round, or oval, completely closed cells of 
different sizes, and containing some a granular matter, and others 
perfectly formed mucous globules. A number of these cells united 
by cellular tissue, and perhaps also by a structureless membrane, 
form an acinus, and as such are seated upon a branch of the excre¬ 
tory duct, into which the mucous globules and other matter contained 
in the cells are from time to time poured, in consequence, either of 
the membrane of the cells bursting, or of its becoming dissolved at 
the part where it is connected with the duct. But, besides these 
compound mucous glands, there exist, according to Henle, in almost 
every mucous membrane, even in those which are supposed to be 
destitute of glands, other organs, apparently connected with the se¬ 
creting action of the membrane. These are round or oval closed cells, 
visible even with the naked eye, and sometimes quite transparent, 
but at other times filled with mucous globules.* 

Mucus is formed by no other than mucous membranes. It is in¬ 
tended as a protection to the surfaces which are exposed to external 
influences. It swells when placed in water, but is not soluble in it; 
it does not coagulate by heat; is precipitated from water in which it 
is diffused, by alcohol; but, after being washed, can be again diffused 
in the water. The secretion of all the mucous membranes, however, 
is not exactly the same; for, as Berzelius found, the mucus of the 
gall-bladder is quite insoluble in acids, while that of the urinary 
bladder is, to a certain extent, soluble in dilute acids, as well as in 
dilute alkalies. Ordinarily, acids dissolve a very small proportion of 
mucus. Gmelin states that the mucus of the intestines is coagulated 
by acids, even by acetic acid. The acids extract very little of it, and 
do not dissolve it, even at the boiling temperature. The little that is 
dissolved by the acids, or that is extracted by digestion in water after 
the acid is poured off', is precipitated by infusion of galls, but seldom 
by ferrocyanuret of potassium. The comparison of mucus with pus 
has been made in a former page (134). 

c. The skin .—The proper cutaneous tissue, in which several organs 
of different kinds are imbedded, consists of fibres interwoven in all 
directions. The surface of the skin presents little elevations,—pa¬ 
pillae,—which are invested by the rete Malpighii and epidermis. 
By long-continued (twenty hours) boiling, the skin is reduced wholly, 
or for the most part, into gelatin. By the property which this sub¬ 
stance-gelatin—possesses of forming with tannin a compound 
which resists putrefaction, is explained the process of tanning. 

The skin is the seat of very various secretions, for each of which 
it is provided with a special organ. 

The epidermis is the most general of these secretions. It is formed 
in layers by the most superficial stratum of the true skin. Most 
observers agree that the cuticle is not vascular. Schultze has in¬ 
jected with oil of turpentine a very delicate network of vessels which 

♦ The special secreting organs of the gastric and intestinal mucous membrane 
have been described in the Section on Digestion. 
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separated with the epidermis from the true skin; but these vessels 
may have belonged to the sub-epidermic layer, and have been me¬ 
chanically torn away. Schultze states that they had a diameter 
several times less than that of the blood globules. If this measure¬ 
ment was not made after the epidermis had been dried, it would 
a/Ford proof of what is at present a mere hypothesis,—namely, of 
the existence of vasa serosa. 

The hair is secreted in the hair follicles. 

The sebaceous matter of the skin is secreted by the innumerable, 
minute, branched follicles opening by a narrow on^ic—folliculi se- 
dacei —which are distributed over its surface. These sebaceous 
glands generally open into the follicle of the hairs.* 

The perspiration, lastly, is formed by small tubes of peculiar con¬ 
formation, which are spread over the whole surface of the body, and 
pour out their secretion by minute pores in the epidermis. These 
sudoriferous organs were discovered by Purkinje and Breschet.t 
The pores, which are seen along the elevated lines on the skin of the 
palm of the hand and sole of the foot, are the opening of minute 
ducts which traverse in a spiral course the epidermis and stratum 
Malpighianum, enter deeply into the cutis, and terminate in a gland 
which is formed of a convoluted tube. In the parts of the skin 
where the epidermis is thin, the canals themselves are thinner, and 
more nearly straight in their course. The sudoriferous organs are 
readily seen by the aid of the miscroscope, in thin perpendicular 
lamellae, cut in the direction of the rugae, from a portion of skin pre¬ 
viously hardened in solution of carbonate of potash. The skin of 
the palm is the best for the purpose. 

From this account of the secretions formed in the skin, it results 
that for each, although it appears only in the form of minute points, 
a special complicated apparatus is necessary; and that, although the 
statements of the older anatomists were correct as to the perspiration 
being poured out by distinct pores, yet the opinion cannot now be 
admitted that it is directly effused by open branches of blood-vessels; 
since each perspiratory pore is merely the external orifice of a canal 
leading to a convoluted tube or follicle, which has no other opening, 
and, like other glands, forms its secretion on its internal surface. 

3. Glands .—Of the organs which have hitherto been called glands, 
some have no ducts leading from them, while others are provided 
with special efferent tubes to carry off the secretion which they form. 

The action of the ^rst kind of these organs consists merely in their 
exerting a certain plastic influence on the fluids which circulate 
through them. They consist, therefore, almost wholly of vessels; 
they are vascular ganglia (“ Gefass-knoten’’); the vessels entering 
them undergo a most minute division, and then again unite to form 

* Gurlt, Muller’s Archiv. 1835, p. 399. fGurlt, in Muller’s Archiv. 1836, 399. 

f See Wendt, de Epidermide Humana, Diss. inaug. Vratisl. 1833; and in 
Muller’s Archiv. 1834, p. 280; Breschet, Ann. d. sc. nat.. Sept. Oct. Dec. 1834; 
and Nouv. Recherch, sur la structure de la Peau, par Breschet et Roussel de 
Vauzerae; and Gurlt, loc. cit. 


36 * 
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the vasa efferentia, or vessels which return the fluid to the general 
circulation. 

The glands of this kind may be divided into two series:— 

a. Those formed essentially of blood-vessels,— ganglia sanguineo~ 
vasculosa. Such are the spleen in the chylopoietic system, the supra¬ 
renal capsules in the genito-urinary system; the thyroid and thymus 
bodies in the respiratory system of organs; the glandula choroidalis 
in the eye of fishes; and, lastly, the placenta of the foetus. 

All these organs are masses of blood-vessels, and seem destined 
merely to exert an influence on the blood which is distributed in such 
minute channels through their parenchyma. They are sometimes 
united into one mass, as the placenta and the spleen; sometimes 
divided into several, as in the instances of the cotyledons and splen- 
culi of some animals. 

b. Lymphatic ganglia,— ganglia lymphatico-vasculom. These 
are formed of the branches of the inferent and efferent lymphatics, 
the ultimate divisions of which form a mass of reticulated vessels 
and cells. Such are the lymphatic and mesenteric glands. Their 
action, likewise, can only affect the lymph or chyle which traverses 
them. They, also, are sometimes distinct and many in number, like 
the mesenteric glands, in most cases; and sometimes united into a 
mass, as the pancreas Asellii, which consists of conglomerated mesen¬ 
teric glands. 

All these glands, which are glomeruli of blood-vessels or lympha¬ 
tics, are excluded from consideration in the present inquiry. 

Glands of the second kind not merely produce a change in the 
fluid which circulates through them, but also give rise to a new fluid, 
which is the product of a transformation of the blood, and is poured 
into special tubes or efferent ducts. The structure of all the glands 
of this kind must now be examined. 


CHAPTER II. 

OP THE INTERNAL STRUCTURE OF THE GLANDS. 

Malpighi, in his Exercitationes de structurd viscerum, publish¬ 
ed in 1G65, laid down the doctrine that the elementary parts of all 
glands,—the so-named acini,—have the same structure as the simple 
follicles and the conglomerated follicular glands; that is, that they 
consist of minute roundish sacs, which receive the secretion from the 
blood-vessels, and pour it into the efferent ducts. But Ruysch, in 1626, 
was enabled, by his improved method of making minute injections, 
to show, without difficulty, that the so-called follicles of the conglo¬ 
merate glands contain a vast number of minute blood-vessels. 
Ruysch, however, attributed too much importance to his method of 
investigation, and to the facts which it enabled him to discover; and 
he was thereby led to the false conclusion that the proper substance 
of glands consists solely of blood-vessels, and that the minute blood- 
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vessels terminate by direct inosculation in the ducts of the glands. 
This doctrine acquired great weight from the circumstance of Haller 
being inclined in its favour. {Element. Physiol, lib. xi. sectio xxiii.) 
Haller, and several of his followers, have adduced, as arguments for 
the correctness of Ruysch’s view, the escape by the ducts of fluids 
injected into the blood-vessels of glands, and the occurrence of 
hemorrhage from secreting tissues. But in all these cases laceration 
must have taken place. My investigations have shown, also, that, 
whenever, during injection of the ducts, whether of the liver or 
kidney, the blood-vessels become filled, the minute ducts themselves 
have not received any injection; consequently, that extravasation 
must have taken place. The kidneys appeared to afford the most 
evident proof of the communication between the arteries and ducts 
of glands; indeed, long vessels running in the medullary portions of 
the kidney, and filled with injection-matter thrown into the artery, 
have been shown at anatomical lectures, to demonstrate the existence 
and course of the canals or ducts of Bellini. But a more accurate 
examination by Huschke and myself has discovered that such vessels 
are not ducts, but blood-vessels. 

The investigation of the structure of the kidneys by Ferrein {Mem. 
de VAcad. Roy. de Sc. de Paris, 1749,) was the first in which an 
improved method of examination was adopted and instituted with 
accuracy. Ferrein discovered the convoluted canals of the cortical 
substance of the kidney, of which neither Malpighi nor Ruysch had 
suspected the existence, but which Ferrein regarded as the seat of 
the secretion of the urine. The similarity of these uriniferous canals, 
discovered by Ferrein, to the tuhuli seminiferi of the testis, which 
differ from them merely in being visible to the naked eye, was im¬ 
mediately recognised. The tubuli seminiferi themselves, however, 
must always be of great importance in the question of the minute 
structure of glands, since they present to us distinctly an example of 
the independent existence of the secreting canals, on the parietes of 
which none but the most minute arteries ramify, and terminate in a 
capillary network from which the minute veins take their rise. 

Mascagni and Cruikshank next showed that the secreting canals 
in the mammary glands commence in the form of cells; and Prof. 
E. H. Weber {JSieckel’s Jirchiv. 1827,) has discovered that the same 
is the structure of the salivary glands of birds and mammalia, and of 
the pancreas of birds. The interesting researches of Weber, and the 
equally excellent observations of Huschke {Isis, 1828,) on the struc¬ 
ture of the kidneys, were the first step in an inquiry which I have 
myself since undertaken in its whole extent, having in its prosecution 
examined the structure of the secreting canals in all kinds of secret¬ 
ing glands. {J. Midler, de Gland. Struct. Penit. Lips. 1830.) 
The result has been the discovery that the secreting canals in all 
glands form an independent system of tubes; that, whether they be 
convoluted, as in the kidney and testis, or ramified in an arborescent 
form, as in the liver and salivary glands,—whether they terminate 
by twig-like caeca, as in the liver, or in grape-like clusters of cells, as 
in the salivary glands, pancreas, and mammary gland,—their only 
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connection with the blood-vessels, in all cases, consists in the latter 
ramifying and forming a capillary network on their walls and in 
their interstices; and that the finest secreting tubes, namely those of 
the liver and kidneys, are always several times larger in diameter 
than the minute ramifications of the arteries and veins. 

The individual forms in which the secreting canals are arranged 
are various; but all secreting glands agree in this, that by the in¬ 
terior of their tubes, or of their convoluted or ramified canals, they 
afford an extensive surface for secretion, and that the same action is 
performed by the inner surface of their canals or ducts, as is effected 
in a more simple manner by a simple secreting membrane. The end, 
therefore, at which Nature seems to have aimed, in the peculiar dis¬ 
tribution of the substance destined to produce a chemical change in 
the organic matter, is that of obtaining a great surface in a small 
space; and she has attained this end in the most various ways. 

The simplest glands are mere recesses of greater or less size in the 
surface of a membrane: sometimes they are only very shallow de¬ 
pressions, such as the simple crypts of the mucous membranes; in 
other instances, they form distinct sacs with a narrow neck, such 
are the follicles of the mucous membranes, not including the so- 
called glands of Peyer, of which the structure has been described in 
the section on digestion; in other cases, again, the membrane is re¬ 
flected back in the form of a tube, of which we have an example in 
the mucous canals under the skin of fishes. The follicle, ^'‘folli- 
culusf and the tube, “ tubulus,’^ may indeed be regarded as the 
elementary forms of the two principal modifications in the structure 
of glands. But even the follicles, which appear to be the most 
simple, have a complicated structure; either the interior of the 
follicle presents cellular dilatations, or the sac is clustered like the 
Lieberkuehnian crypts of the intestines and the Meibomian glands of 
the eyelids; or the walls of the follicle are themselves formed of caecal 
tubes running perpendicularly to their surface, which is the structure 
of the gastric glands of birds and other animals. 

The various more complicated forms of glands resulting from 
the further development of the follicle and tube and consequent in¬ 
crease of the secreting surface, may be distinguished as follows:— 
Several of the sacs or tubes are often closely associated together,— 
folliculi aggregati; sometimes in a linear manner, as the Meibomian 
glands; in other instances in a mass, like the glandular layer in the 
proventriculus of birds. In this aggregated form the openings of the 
separate follicles remain distinct; but nature attains the same end by 
assembling the follicles in one mass opening by a single orifice,— 
folliculi compositi, conglomerati; the tonsils,* the labial and buccal 
glands, and the prostatic gland of many mammalia, have this struc¬ 
ture; the mammary gland of the Ornithorhynchus and the pancreas 
of the sword-fish and thunny, are likewise instances of a similar form 
of gland. [J. Muller, loc. cit. Tab. 3.) If we imagine the same 

* On the different forms of the tonsils in the different orders of the mammalia, 
see a paper by Rapp, in Muller’s Archiv. 1839, p. 189. 
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process of the development of a compound gland to be carried still 
further, the separate follicles of the composite follicle will send out 
smaller branches, and a ramified cavity with twig-like or vesicular 
extremities will result. The compound follicles also may, like the 
simple follicles, be aggregated together, and then form a larger glan¬ 
dular mass with several or many efferent ducts, of which the human 
prostate is an example; it consists, namely, of an aggregation of 
several smaller glands, each of which is formed of a ramified tube 
with cellular extremities. By the still further progress of the mode 
of complication here indicated, a compound gland is formed. But 
only one series of compound glands is developed in this way. A 
second series consists of those which are constituted of tubes which 
do not ramify, or only to a very inconsiderable extent: here the in¬ 
crease of surface is obtained by the length and convolution of simple 
canals which in their entire extent have a nearly equal diameter. 

1. Compound glands with canals of the ramified type .—The 
principal glands comprehended under this head are the lachrymal, 
mammary, and salivary glands, the pancreas, and the liver. They 
are divisible into two groups: a. glands in which the ducts ramify 
with a certain degree of regularity, the principal trunk giving off 
branches laterally at certain intervals, and these sending out in the 
same way side branches, which in their turn afford a third set; this 
is the mode of ramification in the lobulated glands, the lachrymal, 
mammary, and salivary glands, and the pancreas; and hence it is 
that these glands have orders of lobules loosely connected by cellular 
membrane, which correspond to the degrees of division of the ducts. 
The smallest parts of such glands visible with the naked eye are in 
some instances granules, or acini, which are only aggregates of cells 
seated in clusters on the extremities of the most minute secreting 
canals, and surrounded by a network of capillaries; the cells them¬ 
selves being too minute to be visible except in their distended state 
and with the aid of the microscope.* In other instances, the minute 
secreting canals are arranged in the form of extremely delicate caeca 
around the branches of the duct, like the leaves of mosses on their 
stem; this form of ramification is seen in the liver of the higher 
Crustacea, and in the lachrymal gland of tortoises and turtles, and 
likewise gives rise to the formation of lobules. In other glands again, 
for instance in the Covvper’s glands of the hedgehog, [J. Muller^ loc. 
cit. Tab. iii. fig. 8, 9,) the radicle ducts of a minute lobule termi¬ 
nate, as in the last-described forms, without becoming vesicular, but 
are arranged in tufts of twig-like tubes. 

b. The second group of glands with ramified secreting tubes, con¬ 
sists of those in which the ramification is irregular, and in which 
there is no division and subdivision of the glands into lobules. The 
liver belongs to this group; the tufts of the most minute branches of 
the biliary ducts form acini, it is true; but these acini are united into 
one lobe, or several common lobes, without being previously collected 
into lobules. 

^ ♦ The recent observations of Henle and others on the structure of these cells 
and of the tubular secreting canals of other glands will be found at the end of the 
present Chapter. 
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This irregular mode of ramification, and the circumstance that 
the final branches of the ducts terminate not in cells, but, after mani¬ 
fold division, in twigs of microscopic minuteness, a great number of 
which are united to form what is called an acinus, characterise the 
liver of vertebrate animals. The liver of the Invertebrata frequently 
belongs to the first group. 

We will now describe the structure of the principal glands of this class,—the 
glands with ramified secreting tubes,—which are met with in the human subject. 

A. The lachrymal gland. —In birds and Mammalia the secreting canals of the 
lachrymal glands are regularly branched, and terminate in each acinus in a number 
of little cells. These cells are very large in birds; and in them, as well as in the 
horse, can be filled with mercury from the efferent duct. 

B. Mammary gland. —The varieties of conformation of this gland may be re¬ 
ferred to two general types. It is either composed of caeca, or of branched ducts 
which ultimately terminate in bunches of microscopic cells. The mammary gland 
opens on the surface of the nipple in some Mammalia, as the ruminants, by a single 
orifice; in others, as man and the carnivora, by several; in the latter instances, there 
are, in fact, several glands in each mamma. The structure of these glands may be 
very beautifully shown by filling the ducts even to the terminal cellules with mer¬ 
cury. The diameter of the cellulse lactiferae is from ten to thirty-five times greater 
than that of the smallest capillary vessels in the human body. 

C. Salivary glands. —In Mammalia, the form in which a salivary gland first 
appears is, according to Weber’s and my own observations, that of a simple canal 
with bud-like processes, lying in a gelatinous nidus or “blastema,” and commu¬ 
nicating with the cavity of the mouth. As the development of the gland ad¬ 
vances, the canal becomes more and more ramified, increasing at the expense of 
the germinal mass or “ blastema” in which it is still enclosed. The blastema 
soon acquires a lobulated form corresponding to that of the future gland, and is at 
last wholly absorbed. Thus, in the first stage of their development, the salivary 
ducts can be seen to constitute an independent, closed system of tubes; but in the 
adult state also, the vesicles which terminate the ultimate microscopic branches of 
the ducts, can be filled with mercury from the excretory duct. Professor E. H. 
Weber has succeeded in doing this in the human subject, and I have effected it in 
the dog. The most minute cells which, when filled with mercury, have a dia¬ 
meter about three times greater than that of the capillary blood-vessels, are united 
into small grape-like bunches or lobules from four to seven times larger than the 
cells themselves. The most minute pulmonary air cells are from five to sixteen 
times larger than the cells of the parotid gland. 

D. Pancreas. —The mammary gland is, in its simplest form, namely, in the 
Cetacea, composed merely of casca; and the pancreas likewise appears first in the 
same form, constituting the pyloric appendices of fishes. These pancreatic or py¬ 
loric caeca, which indeed are wholly wanting in some fishes, vary in their number 
and complexity. The process of development of the pancreas, as it is observed in 
the tadpole, is similar to that of the salivary glands in mammalia. But even in 
the adult state in birds E. H. Weber and I have succeeded in injecting it with 
mercury, so as to fill the cell-like extremities of its secreting canals. The diameter 
of these cells is from six to twelve times greater than that of the capillary blood¬ 
vessels. 

E. The liver of Mammalia is a very difficult subject of investigation, and it is 
only from its mode of development that we can derive any certain conclusions as 
to its intimate structure. It is an extremely difficult matter to make a good in¬ 
jection of the minute biliary canals, while the blood-vessels may be injected in 
their whole extent. 

Development of the liver, and its structure in birds and Mammalia. The observa¬ 
tions of Rolando, Baer, and myself have placed it beyond a doubt that the liver in 
the embryo of the bird is originally developed by the protrusion, as it were, of a 
part of the walls of the intestinal canal, which is likewise the mode of development 
of the lungs and pancreas. According to Baer, (in Burdock's Physiologic, Bd. ii. 
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p. 504,) the liver of the embryo of the bird is first visible about the middle of the 
third day, in the form of two conical hollow branches of the alimentary tube, which 
embrace the common venous stem. The cones increase in length, pushing before 
them ramifications of blood-vessels, while their base becomes gradually narrowed, 
and assumes the form of a cylindrical duct. Whilst the liver is being thus de¬ 
veloped by the protrusion of the parietes of the intestine in the form of two hollow 
cones into the vascular layer that invests it externally, internal ramifications are 
developed in the cavities of the cones, and these at the same time become united, 
at their base, in consequence of more and more of the surrounding part of the in¬ 
testinal parietes being taken up to form them, till at last the part that separated 
them is removed to a distance from the intestine; and the cavities, originally double, 
open by one mouth into the intestinal tube. The gall-bladder is developed as a 
diverticulum from the hepatic duct. 

Respecting the latter stages of the formation and ramification of the biliary ca¬ 
nals, we have some observations of Harvey and Malpighi. Harvey {Exercit. de 
general, animal. 19,) described the substance of the liver as growing like sprouts 
or buds from the external surface of the blood-vessels; on the sixth, seventh, and 
ninth days the liver appeared to Malpighi (/)e format, pulli, 61,) to consist of caeca. 
I have, with the aid of the microscope, followed still further the progress of its 
development. On the surface of the liver in the embryo I have seen innumerable 
caeca, or short twig-like bodies, of a yellowish white colour, projecting from the 
blood-red substance, in which they lay very closely aggregated together. In more 
advanced embryos the caeca appeared more branched, so as to have the form of 
feathers, or even of arborescent tufts. Each of the caeca measured about of an 
English inch in diameter. 

It required patient microscopic examination of the injected liver to recognise the 
most minute branches of the ducts, and they lay so closely together that they ap¬ 
peared to be united one with another: their diameter varied from to of an 
English inch; they were larger therefore than the capillary blood-vessels. It is 
remarkable that the minute biliary canals of the embryo, unlike the minute canals 
of the salivary glands, terminate, as we have seen, by blind twig-like extremities, 
and that no bud-like or vesicular enlargements appear on them at a later period of 
their development. 

Several writers, Autenrieth, Bichat, Cloquet, Mappes, and Meckel, have spoken 
of two substances as existing in all parts of the liver, and as constituting a cortical 
and medullary portion of each acinus. From my researches, however, it results, 
that there is but one kind of real hepatic substance, formed of agglomerated biliary 
canals; but the ramified divisions of this substance being connected by a vascular 
cellular tissue, which is often of a dark colour, a contrast between this and the 
yellow substance of the acini is produced. A similar relation of the constituent 
parts of the liver exists in the embryo of the bird,—in it the yellowish twig-like 
ramifications of the biliary canals are seen, on the surface of the organ, rising out 
of a reddish vascular tissue. 

Distribution of the blood-vessels in the liver. —Injection thrown either into the he¬ 
patic artery or into the portal vein fills the same capillary network from which, on 
the other hand, the hepatic veins likewise arise. It appears, therefore, that the 
arterial blood of the hepatic artery and the venous blood of the porta become mixed 
in the minute vessels of the liver, and that the secretion of bile probably takes 
place from both. The most delicate capillaries are, as 1 have said, more minute 
than the microscopic casca of the biliary ducts. They form a netw'ork which oc¬ 
cupies all the interstices of the secreting canals, and invests them, but has no direct 
communication with them; for in the embryo of the bird, and in the larva of the 
frog also, the secreting canals of the liver can be seen with the aid of the micro¬ 
scope to terminate on the surface of the organ with blind extremities. In the larva 
of the salamander, the blood can with the microscope be seen circulating between 
the acini of the liver. 

The very valuable researches of Mr. Kiernan (Philosoph. Transact. 1833, pt. 2, 
p. 711,) have advanced our knowledge of the anatomy of the liver. He describes 
the lobules of the liver (which by other anatomists are termed acini) as leaf-shaped, 
but not flattened, bodies, which send out several short rounded processes. In the 
interior of each lobule runs a central vein, {yenula intralobularis,) which is a branch 
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of the hepatic vein, and which returns the blood from the capillary network of the 
lobule. The branches of the hepatic vein from which these intralobular veins 
arise, run in canals formed by the bases of the lobules, and on their inner surface 
appear perforated by foramina which are the mouths of the venulae intralobulares 
issuing from the bases of the lobules. All the lobules of the liver, therefore, con¬ 
tribute by their bases to form canals for the hepatic veins. The external surface 
of each lobule is invested by a sheath of cellular membrane,—a prolongation of the 
capsule of Glisson,—and in this cellular membrane, which at the same time sepa¬ 
rates the lobules one from another, the branches of the hepatic artery and those of 
the portal vein run. The latter veins (the venas interlobulares) terminate in the 
capillary network of the lobule, from which the intralobular veins on the other 
hand arise. Congestion of either of these systems of veins gives rise to a difference 
of tint in the corresponding part of each lobule, of which the natural colour is yel¬ 
lowish: if the portal or interlobular veins are congested, the centre of the lobule 
appears pale; if the congestion affects the hepatic or intralobular veins, it is the 
margin of the lobule which is left of the paler yellow colour; and hence has arisen 
the erroneous supposition that the lobules are composed of two substances. 

The cellular tissue of the capsule of Glisson is continued from the transverse 
fissure into the interior of the liver, forming a common sheath for the hepatic 
artery, portal vein, and hepatic duct; it surrounds all the branches of the porta and 
the accompanying branches of the artery and duct, and terminates at last in the 
interlobular cellular tissue. The branches of the hepatic vein are in no way con¬ 
nected with these cellular sheaths. 

The hepatic artery is, according to Kiernan, distributed principally to the walls 
of the gall- bladder, the bile-ducts, and the other blood-vessels, to which it supplies 
the vasa vasorum. From the capillary network that results from its ramification, 
he supposes the blood to pass into branches of the portal vein, and thence into the 
hepatic veins; for, when fine injection was thrown into the hepatic artery, the 
portal veins became filled, but not the hepatic veins. Having injected the porta 
first with blue, and the artery afterwards with red, he found branches of both 
vessels in the coats of the vessels of the bile-ducts and of the gall-bladder; the 
lobules of the liver were coloured blue, and merely points of the red injection 
were seen here and there in their marginal portion. These are Kiernan’s grounds 
for believing that those branches of the hepatic artery which enter the lobules do 
not terminate directly in the hepatic veins, but pour their blood first into branches 
of the porta, from which it is afterwards transmitted to the hepatic veins. The 
commonly received opinion, that all the blood of the liver—that of the hepatic 
artery as well as that of the portal vein—is poured into the same capillary sys¬ 
tem, would, according to Kiernan’s view, be incorrect; but his opinion is not yet 
satisfactorily confirmed, and it is opposed to what we can observe in the injected 
preparations of Lieberkiihn, in which the injected matter is seen to have fre¬ 
quently passed into the same network as readily from the one as from the other 
vessel.* 

2. Glands loith a tubular structure .—The kidneys and testicles 
are examples of this structure in the human body. The increase of 
secreting surface is here obtained by means of convoluted canals of 
great length, which do not ramify, or only in a slight degree, and 
maintain the same diameter in the greater part of their course. 

In the embryo of Mammalia and of the human subject the kidney consists of several 
distinct lobes (renculi) which are connected only by the divisions of the pelvis of 
the kidney. The renculi correspond in number to the pyramidal or medullary 
portions of the kidney of the adult animal. In several animals,—the bear, the 

* With reference to this question. Prof. Muller has recently remarked in 
another place (Muller’s Archiv. 1838, p. cxiii.), that if the portal vein were tied, 
the matter injected into it through the hepatic artery, would necessarily pass at 
length into the hepatic vein also; and Lieberkiihn’s preparations, he adds, may 
have been made in that manner. 
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Otter, and the cetacea—the renculi remain separate throughout life. Each renculiis 
in the animals just mentioned, as well as in the foetus of mammalia and of man, 
consists of the pyramidal medullary portion, with a layer of cortical substance in¬ 
vesting its base like a cap, and continued at its sides even as far as the mammella. 
The entire cortical substance consists of convoluted ducts, of which the diameter 
remains the same in their whole length. In the horse’s kidney the cortical sub? 
stance is thin, and the convoluted tubes are therefore less numerous. It is very 
difficult to find the extremity of the convoluted urinary tubules. Weber examined 
the human kidney with the microscope, but could find no ducts terminating with 
free ends; all seemed to form loops. By the aid of the air-pump I have succeeded 
in injecting the horse’s kidney from the ureter, and have discovered that in it the 
tubiili uriniferi anastomose freely. The weight of evidence in favour of the tubuU 
uriniferi, in man and Mammalia generally, terminating wholly by anastomosis, is 
therefore now, by Mr. Owen’s observations, rendered great. 

The disposition of the blood-vessels in the substance of the kidney is extremely inter¬ 
esting. In the cortical structure they form the ordinary capillary network, of w’hich 
the meshes are so close that the intervals are not many times larger than the diame¬ 
ter of the capillaries that enclose them. Among the tubuli uriniferi of the cortical 
substance lie the acini of Malpighi, bodies larger than the urinary canals, and visi¬ 
ble even with the naked eye. Schumlansky has drawn them much too small. 
They lie in vesicular cavities of the cellular tissue between the tubuli uriniferi, and 
consist wholly of convoluted blood-vessels. It is remarkable that they exist in 
the kidneys of most, perhaps of all, vertebrate animals; they have been found in 
the kidney of the frog, toad, salamander, turtle, and tortoise, birds, mammalia, and 
man, and recently by Hyrtl in the kidney of fishes. They can be filled with injec¬ 
tion from the arteries as easily as from the veins, and are simply receptacles for 
blond, and not as Schumlansky supposed the beginning of the tubuli uriniferi. 

The convoluted tubuli uriniferi themselves are the seat of the secretion of urine, 
which is poured out by their whole internal surface, not by their extremities only. 
They are everywhere surrounded by mitiute currents of blood, circulating in the 
capillary network which fills their interstices, and is extended over their external 
surface. The fluid part of the blood may permeate the delicate parietes of the uri- 
niferous canals, and suffer in its transit a chemical change, or the effete matters 
contained in the blood of the capillaries may be attracted and separated from it by 
the agency of those canals. 

In the medullary portions of the kidney no blood-vessels run between the urinary 
canals in straight lines, from the cortical portion towards the mammella. These 
straight blood-vessels are easily injected either from the arteries or the veins, and 
were formerly supposed to be urinary canals, and to prove the existence of a com¬ 
munication between the blood-vessels and ducts of glands. But they differ from 
the secreting canals in becoming smaller as they approach the mammella, on which 
they terminate in the common capillary network which surrounds the openings of 
the tubuli uriniferi. 

The secreting canals of the kidneys are extremely similar to the tubuli semini- 
feri; both are convoluted and form anastomoses, but the canals of the kidneys are 
the more minute; in the human subject they are several times smaller than the 
seminal tubes, therefore cannot be seen with the naked eye. In serpents, and in 
the sharks and rays, on the contrary, they are so large as to be visible without the 
aid of a glass. 

The structure of the human testis has been recently investigated by Sir A. Cooper, 
(on the Structure of the Testis, translated into German. Weimar, 1832,) and with 
still greater success by Prof. A. Lauth, {Mem. de la Societe de I'Histoire Natur. de 
Strasbourg, liv. ii.) and by Krause, {Miiller's Jlrchiv. 1837, 20.) Sir A. Cooper 
describes the lobules of the testis as being not merely separated from each other 
by processes of the tunica albuginea which form septa between them, betas being 
eaeh enclosed in an exceedingly delicate membrane. The tubuli seminiferi taken 
together are all directed towards the rete testis, and may be regarded as forming 
one cone of which the apex is towards that part; each tubulus, likewise, is so dis¬ 
posed, that, by the convolutions into which it is reflected becoming smaller and 
smaller as it approaches the rete, it forms a cone, the apex of which is directed to 
the same point. The diameter of all the tubuli is the same. The measurements 
37 
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are given in the table at the end of the chapter. A lobule contains, according to 
Lauth, sometimes one, sometimes two, at other times several tubuli. He reckons 
the number of the tubuli at 840, and the length of one at two feet three inches. 
Krause found from 404 to 484 lobuli in a single testis. I had observed some of 
the seminal tubes terminating by free extremities in mammiferous animals: the 
observation is most easily made in rodentia on account of the larger size of the 
tubuli in them. Lauth has but once seen a seminal canal ending with a free ex¬ 
tremity in the human testis. Krause has seen such free ends of the tubuli semini- 
feri frequently, and confirms the opinion of their terminating in that way as well 
as by anastomosis. Lauth attributes the circumstance of free extremities of the 
tubes being so seldom seen to their uniting with each other so as to form loops. 
He describes the division and re-union of the tubes to be so frequent that, in a small 
portion which he spread out, and in which there were about forty-nine inches of 
tube, he found about fifteen anastomoses. It is, however, only towards their ex¬ 
tremity that the seminal tubes anastomose thus freely. The discovery of the 
anastomoses of the seminal tubes is perfectly original. 

The tubuli seminiferi form a system of closed tubes of the same diameter 
throughout, hence we cannot suppose that the semen is secreted merely by their 
extremities; on the contrary, their whole internal surface must perform ihat office; 
and, since they are fifteen times thicker than the smallest branches of the arteries 
which ramify on their coats, a direct inosculation between the two systems of 
vessels cannot be thought of. 

When the tubuli seminiferi have reached to within a line or two of the rete 
testis, they cease to be convoluted; several unite together, and then enter the rete 
under the name of the tubuli recti, of which there are, according to Lauth, cer¬ 
tainly more than twenty, the number ascribed to them by Haller. Their diameter 
is greater than that of the ttibuli seminiferi. The rete testis occupies a great 
portion of the upper border of the organ; it commences a short distance from the 
internal extremity, and extends as far as the external third of the upper border, 
varying in length from six to eleven lines; it is contained in the thickness of the 
tunica albuginea, and gives rise to an internal white process of that tunic, called 
the corpus Highmori, the height of which measures from two to four lines, the 
base from three to five lines. The rete testis consists of from seven to thirteen 
vessels, which run in a waving course, anastomose with each other, and again 
divide, being all connected together. The vasa efferentia, which issue from the 
rete, and go to form the head of the epididymis, are at first straight, but soon 
become convoluted, each forming a cone of which the apex corresponds to the 
rete testis, the base to the head of the epididymis. Lauth says that the efferent 
canals diminish in size as they approach the epididymis; their number is from nine 
to thirty, their length eight inches. They enter the canal of the epididymis one 
after another, the interval between the entrance of every two being, according to 
Lauth, three inches three lines. The average length of the canal which forms the 
epididymis is stated by Lauth to be twenty-one feet. 

The vasculum aberrans is usually found at the angle which the vas deferens 
makes when it applied itself to the epididymis; it generally unites with the ter¬ 
mination of the canal of the epididymis, less frequently with the commencement 
of the vas deferens. In rare cases there are several vasa aberranlia. The vas 
aberrans is a caecal appendage of a yellowish colour; its length, w'hen unravelled, 
varies from one and a half to fourteen inches. The part nearest to the epididymis 
is always smaller than the rest of the canal, and much smaller than the tube of 
which the epididymis is formed. Towards its caecal extremity it becomes gradu¬ 
ally larger; and sometimes, after being dilated for a certain extent, terminates by 
becoming again extremely minute. Its office is evidently the secretion of a fluid 
which it pours into the epididymis. Whether it bears any relation to the corpora 
Wolffiana of the embryo is not known. 

The general results relative to the structure of the glands, which 
may be deduced from the foregoing anatomical description of the 
individual secreting organs, are the following;— 

1. However various the form of their elementary parts, all secret- 
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ing glands without exception (not only those of the human body, 
but all met with in the animal kingdom) follow the same law of 
conformation, and constitute an uninterrupted series from the simplest 
follicle to the most complex gland. 

2. No line of demarcation can be drawn between the secreting 
organs of invertebrata and those of vertebrate animals; not merely 
do we meet with the simplest sacs and tubular secreting organs, like 
those of insects, in the higher animals, but there is a gradual transi¬ 
tion from the simple secreting organs of insects to the glands of the 
most perfect vertebrata. The mammary glands of the Ornithorhyn- 
chus, the simplest salivary glands of birds, the prostate gland of 
many Mammalia, the pancreas of most fishes, are as simple as the 
secreting organs of the Crustacea. 

3. All glands agree in affording by their interior a large surface 
for secretion. The varieties of internal surface by which the great 
end,—extent of surface in a small space,—is attained, are very nu¬ 
merous. Nature displays here, as elsewhere, an infinite profusion in 
the variation of forms, without departing from the simplest laws of 
development. An extraordinary variety of form is presented, with 
almost a vegetable character, by the seminiferous tubes in insects; 
and still more extraordinary is the variety in the form of the secret¬ 
ing canals which attends the increasing complication of the more 
perfect glands in the higher animals; but all glands have the common 
character of being an efflorescence, as it were, from the principal 
efferent duct in the form of cavities or canals with closed extremities. 
Malpighi’s theory of the structure of glands is therefore certainly 
correct, its truth has been placed beyond doubt by recent researches; 
but Malpighi was not acquainted with the true glandular elements; 
the parts in the compound glands which he called follicles, are not 
really the elementary parts, but are themselves formed of much more 
minute elements agglomerated together around the branches of the 
efferent ducts. Moreover, the blind extremities of the secreting tubes 
are not always follicles; they may be long caeca; or ramifying caecal 
canals united in a pinnate form; sometimes they are bunches of cells, 
in other instances large convoluted tubes which preserve their dia¬ 
meter throughout, and anastomose frequently with each other. The 
main point in Malpighi’s doctrine, however, is correct; namely, that 
all the terminal branches of the ducts are closed cavities. The lungs 
may serve as the type of an entire series of glandular organs. 

4. ^cini, in the hypothetical sense in which the term has been 
used by writers,—in the sense, namely, of secreting granules,—do 
not really exist; there are no glomeruli of blood-vessels with ducts 
arising from them in a mysterious way, as has been supposed, what¬ 
ever notions may have been held regarding them. 

5. The parts described as acini are merely masses formed by the 
agglomeration of the extremities of the secreting canals; frequently, 
indeed, they are formed of minute vesicles, aggregated together in 
grape-like bunches, which may be injected with mercury, and are 
often susceptible of inflation. The only example of glands really 
consisting of solid granules is afforded by the testes of some few 
fishes. 
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6. In many glands which have been incorrectly described to have 
acini or secreting granules, even the hollow vesicular terminations 
of the ducts do not exist: the secreting tubes, instead of terminating 
in vesicles or cells, form long convoluted canals of the same diameter 
throughout, as in the kidney and testes, and many other glands; or 
straight tubuli, as in the lachrymal gland of the testudo mydas; or 
short caeca, as in the liver of Crustacea and the prostatic gland of 
many Mammalia. In certain glands of a grape-like structure, such 
as the salivary glands, the pancreas, the mammary gland of most 
Mammalia, the lachrymal gland of birds and Mammalia, the Har- 
derian gland, the liver of mollusca, &c., there are certainly vesicular 
terminations of the secreting canals constituting a “substantia aci- 
nosa.” The expressions substantia acinosa^^ '^acini’’ and similar 
terms, are applicable consequently to such glands, inasmuch as “aci¬ 
nus,” according to its derivation, means a small grape. But this 
meaning has been gradually corrupted, through the succession of 
hypotheses, to that of a secreting granule, granular substance; and, 
since the term “acinus” is strictly applicable only in the case of a 
few glands, it is advisable to be very cautious in the use of a word 
with which so many false explanations and hypotheses are con¬ 
nected. 

7. It has been demonstrated in the case of all glands that the 
blood-vessels are not continuous with the secreting tubes—that the 
minute vessels bear the same relation to the coats of the hollow se¬ 
creting canals and their closed extremities, as to any other delicate 
secreting membrane, such as, for example, the mucous membrane of 
the pulmonary air cells. The arteries do not open by free mouths 
into the radicle extremities of the secreting canals and cavities of the 
glands; but terminate by numerous anastomoses with the veins, form¬ 
ing a network which is distributed over the surface of the elementary 
parts of the gland. 

8. Thus the blood-vessels, like the secreting canals, constitute an 
independent closed system of vessels; the arteries and veins, after 
ramifying in an arborescent manner, being connected together by a 
net-work of closed tubes. 

9. It was formerly asserted that in some glands a communication 
exists between the ducts and the lymphatics. Such is not the case; 
my reasons for denying it have been already stated. 

10. The system of secreting canals with closed hollow extremities 
is to be regarded as an efflorescence of the efferent ducts, and may 
indeed be observed to be developed in the embryo from an originally 
undivided tube. 

11. The arborescent ramifications of the blood-vessels accompany 
the ducts in their development, and the reticulated capillaries in 
which the blood-vessels terminate are extended over all the closed 
elementary parts of the gland and supply them with blood. In the 
chick we may observe the simultaneous development of the two 
systems; in proportion as the development of internal surface from a 
plane membrane to caecum and ramified creca proceeds, the vascular 
layer of the originally simple membrane is raised on the exterior of 
the efflorescence. 
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12. The ramified canals and tubes, which, when the structure is 
simple, as in insects and Crustacea, and even in some glands of the 
Mammalia, lie freely and unconnectedly, become more aggregated 
together, and acquire a common covering, in proportion as their 
evolution is carried further, and thus is produced a parenchyma, or 
solid organ. This process of development has been made the subject 
of direct observation in the embryo. 

13. The capillary blood-vessels are for the most part much more 
minute than the smallest branches of the ducts or secreting canals, 
and their caecal extremities, even in the most complex glandular 
organs. The elementary parts of glands, though minute, are of such 
a size that the capillary blood-vessels form around them a network 
which invests them. See the foregoing anatomical description of 
the different glands, and the table of microscopic measurements at 
the end of the present chapter. During the development of all the 
compound glands, while the secreting canals are still free, and not 
aggregated together, the same relation as to size can be seen to exist 
between them and the capillary blood-vessels. 

14. The formation of the glands in the embryo displays the same 
progressive evolution from the simple to the complex state, as is ob¬ 
served in ascending the animal scale. The most perfect and complex 
glands of the higher animals, when they first appear in the embryo 
of these animals, consist merely of the free efferent ducts without 
any branches, and in that state exactly resemble the secreting organs 
of the lower animals; the glands are formed from the unbranched 
tubes by a kind of efflorescence or ramification. 

15. The mode in which the extent of internal secreting surface of 
a gland is realised is very various; and no one kind of conformation 
is peculiar to any one gland. Perfectly different glands may have a 
similar elementary structure, as is the case, for instance, with the 
testes and the cortical structure of the kidneys. And similar glands 
have often a perfectly different structure in different animals; of 
which the lachrymal glands, examined in the chelonian reptiles, birds, 
and Mammalia, afford an example. How various, too, is the ele¬ 
mentary structure of the liver in the animal series; in one case being 
represented by simple caeca; in another, by tufts of caeca; in others 
again, by bunches of cells, or by a spongy mass; or, lastly, by 
branched ducts ending in feather-like terminal twigs! How infinitely 
various is the conformation of the secreting tubes of the testes! 
The kidneys alone maintain one constant character in all classes 
of animals; namely, that of consisting of long tubes which do not 
ramify, but run either parallel with each other or interwoven, al¬ 
though the arrangement of these tubes is subject to the greatest 
variation. 

16. We do not observe an absolutely progressive development of 
the glands from the lowest to the most perfect animals; on the con^ 
trary, we meet in every class with rudimentary glands of extremely 
simple structure, constituting their first form in the class: thus, the 
salivary glands have this simple structure in birds and serpents; and 
the mammary gland of the ornithorhynchus, the prostate gland of 
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rodentia, the pancreas of fishes, and the liver of the lower animals, 
consist merely of cseca. 

17. However different the secretions of the glands may be, the 
substance of their elementary parts is in all instances white, or of a 
greyish or yellowish white colour. There is no essential corre¬ 
spondence between the substance of the gland and the matter which 
it secretes. 

Hitherto the attention of anatomists has been directed only to the 
the various forms in which Nature has arranged the substance of 
glands, apparently for the purpose of gaining extent of secreting 
surface, while the microscopic characters of the glandular substance 
itself has seemed of little interest. The recent observations of Pur- 
kinje, Schwann, and Henle, however, have pointed out a new sub¬ 
ject for investigation in the elementary particles which constitute a 
great part of the secreting organs, and form the walls of the secreting 
cavities. Purkinje remarked that the parietes of secreting cavities 
generally, as well of the follicles of the stomach as of the secreting 
canals of the various glands, are formed of nucleated granules, com¬ 
posing what he denominates the glandular enchyma. In this en- 
chyma he places the special secreting power of the glands, attributes 
to each of the granules a vita propia, and compares them to the 
cells of plants, which prepare their special contents from the general 
fluids. Schwann makes similar observations, and, like Purkinje, 
regards the columnar cells of the epithelium of mucous membranes 
generally as the secreting organs of those surfaces. The nucleated 
epithelium cells of the secreting canals of the kidney and testis, of 
the lachrymal, mammary, and salivary glands, and the analogous 
parts in the liver and sebaceous follicles, have been most accurately 
described by Henle. The secreting tubuli of the kidney are invested 
internally with a layer of flattened cells, with distinct nuclei. The 
diameter of each nucleus is about 0.0033 of a line. In the cortical 
part of the kidney the tubuli appear, as Henle describes them, to be 
wholly composed of a layer of these cells; but in the medullary 
portion there is distinctly visible an external, delicate, membranous 
tube of homogeneous structure, which sometimes appears destitute 
of epithelium. The vesicular extremities of the secreting canals in 
the mammary, salivary, and lachrymal glands, and in the pancreas, 
contain similar epithelium cells. M. Henle has recently stated that 
the terminal vesicles of these glands are, like those of the mucous 
follicles, closed cells, within which the secretion is formed, and which 
from time to time open and pour their contents into the ducts of the 
glands. It is certainly difficult, in microscopic examination, to trace 
distinctly a communication between the cavity of these vesicles and 
that of the ducts; but it appears to the translator equally difficult to 
prove that such communication does not exist; he has never seen 
the vesicles separate from the mass as perfectly closed cells, and the 
facility with which they are injected from the ducts is rather opposed 
to M. Henle’s description. The observations of Wasmann respecting 
the cellular structure of the follicles of the stomach has been noticed 
in the chapter on the Structure of the Digestive Organs. 
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The acini of the liver are accurately described by M. Henle as 
composed in greater part of polygonal cells, containing each a pale 
oval or round nucleus, and several globules of fatty matter of dif¬ 
ferent sizes. The nucleus is, as M. Henle states, most distinct in 
those cells which contain no fat globules. In the cells composing 
the acini in the sheep’s liver, the translator perceived, as they rolled 
over in the fluid, that the oil globules were attached to the inner 
surface of the wall of the cell. These globules of fatty matter are 
doubtless what M. Turpin described as young vesicles developed 
within the component vesicles of the liver; for the young cellules in 
the acini of the liver are really developed from nuclei in the inter¬ 
stices or on the exterior of the old cells. It is difficult to determine 
the relation which the cells of the liver bear to the terminal branches 
of the hepatic duct. Purkinje says that they form the lining of the 
ultimate twigs of the ducts, but nothing like the secreting canals of 
the other glands can be distinguished by mere microscopic exami¬ 
nation in the substance of the acini or lobules of the liver. The 
whole cavity of the secreting vesicles of the Meibomian glands is, 
according to Henle, filled with cells like those of the liver; and the 
contents of the sebaceous glands of the skin were found by him to 
consist of similar cells. 


Table of measurements of different microscopic parts. 


In fractions qf 
an English inch- 

• tAif 


Capillaries (according to Professor E. H. Weber) . . 

Do. in the kidneys (according to my measurement) 

Do. in the human iris ..... 

Do. in the ciliary processes .... 

The smallest pulmonary air-cells in the human subject (according > 
to Weber) ..... 5 

Cylindrical caeca in the lung of the embryo of the bird . 

The elementary vesicles of the mammary gland in the hedge-hog > 
giving suck ..... 3 

Do. Do. in the dog, filled with mercury 

Cells of the salivary glands in the goose, injected by myself 
Do. Do. the parotid, in the new-born infant, injected by Weber 

Do. Do. Do. in the dog, injected by myself . 

Cells of the lachrymal gland of the goose, measured from my injections 
Elementary parts of the lachrymal gland of the testudo mydas . 

Cells of the Harderian gland of the hare, from my injections 

Do. Do. of the goose, filled with mercury, I I ^ of a line. 

Cells of the/)ancreas of the goose, filled with mercury . . to 

Elementary vesicles of the liver of the helix pomatia . . . 

Elementary tubes of the liver of the embryo of the jay, one inch in length 
Terminal twigs of the biliary ducts on the surface ot the liver of 7 
the embryo of the rabbit, injected . . 3 

Caeca of the Wolffian bodies of the embryo of a bird 
Do. Do. of another embryo 
Thbult uriniferi of the petromyzon marinus 

“ “ of the electric ray . . . 

“ “ of serpents, filled with mercury 

“ “ Do. their extremities 

“ “ of the owl, injected from the ureter, their extremities 

“ “ of the cortical substance of the kidney of the squirrel 

“ “ on the surface of the horse’s kidney, injected ^ 

from the ureter . 


ris *0 sV 

• lii 
riff to 

• six 
six 

TiVx 
iis 
sis 
xix 
tIs 


sis to 

sis 
six 
sis 
xis 
sis 
sis 
xis 
sis 
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Tn fractions (f 
an English inch. 

Tubuli urinifcri in the pyramidal portions of the horse’s kidney at the '> , 

mammellae, the largest . . . 3 

“ “ Do. those of the medium size . . 

“ “ Do. the smallest seen in sections of 7 i t A 

the cortical substance 3 ^ 

“ “ in the cortical substance of the human kidney (Weber) 

“ “ in the pyramidal portions .... 

“ “ measured on the mammellse .... 

The glomeruli or corpora Malpighiana of the human kidney . . tIt 

The same (Weber) ...... to 

The straight arteries in the pyramidal portions of the dog’s kidney to 

The same near the mammella, where they form a network . . jtVt 

Tubuli seminiferi of a young cock ..... 

“ “ of a squirrel ...*.. jV 

“ “ of the hedge-hog ..... ^ 

“ “ of the human testis ..... 

“ “ “ “ filled with mercury . . 

The tubuli seminiferi of the human testis, according to Lauth . . 

“ “ “ “ filled with mercury . . 

The tubuli recti (Lauth) ....... ^ 

The canals of the rete testis (Lauth) .... to y|^ 

The tubes in the anal glands of the goose . . . . ^ 

The twig-like caeca or tubes of Cowper's glands in the hedge-hog . 

Cells of the human Meibomian glands (Weber) . . . 5^5 to y^^ 

Cells in the salivary glands of the murex tritonis, ^ to ^ of a line. 

Cells of the spongy liver of the murex tritonis, ^ to ^ of a line. 

Compare the measurements of different parts given by Krause in Muller’s 
Archiv. 837, p. 30. 


CHAPTER III. 

OP THE PROCESS OF SECRETION. 

1. Of the causes of secretion. 

Secretion is merely one kind of those changes or " metamor¬ 
phoses” which the circulating fluid of animals—the blood—under¬ 
goes in its course. In all the organs of the body the blood passes 
through a network of very delicate vessels,—the capillaries,—which 
constitute the medium of communication between the arteries and 
the veins. The capillaries have no open mouths, but their parietes 
are extremely thin and delicate, and do not prevent a free interchange 
of material between the substance of the organ and the currents of 
blood. The substance of the organ imbibes the blood and appro¬ 
priates to itself the components of that fluid, assimilating them in a 
different way in each individual organ. 

General conditions of a secreting organ .—All secretions are 
formed on free surfaces, whether these be afforded by simple mem-* 
branes, such as the serous and mucous membranes, or by the more 
complex internal surface of the cellular or tubular cavities of glands. 
In the secreting membranes the blood is transmitted from the arteries 
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to the veins through an infinite number of anastomosing vessels 
which form an extended network. The membrane is permeated by 
the liquid portion of the circulating fluid, effects in it some change, 
and pours out the matter thus changed as a secretion on its surface. 

The most complex gland, with its ducts, canals, tubuli, cells, or 
caeca, is to be regarded in like manner as merely a very extensive 
organised surface on which the transformation of the blood takes 
place. 

The elementary tubular canals of the kidney, and the elementary 
parts of the liver, as well as of the other compound glands, are in 
their whole course surrounded with a network of capillaries, and are 
separated from each other merely by delicate cellular tissue, which 
connects them together, and contains in its substance the minute cur¬ 
rents of blood. The whole external surface, therefore, of the ele¬ 
mentary canals, racemes of cells, tubuli, &c. is overrun with small 
currents of blood; and the walls of the canal.s, &c. being permeated 
by the fluid portion of the blood, impress on it some peculiar change, 
and pour out the fluid in its altered state on their inner surface, to be 
carried out by the efferent duct. This is the simple process of secre¬ 
tion, which differs from nutrition merely in the circumstance that the 
part of the blood which has undergone the peculiar change is elimi¬ 
nated on a free surface instead of being added to the substance of the 
organ. 

Seat of the secreting process .—It was formerly supposed, in 
opposition to all analogy, that the secreting process had its seat in 
the extremities of the glandular canals, or in those mysterious bodies, 
the acini. But that was a very incorrect view, as Professor E. H. 
Weber has already remarked; for the acini, which, in the proper 
anatomical sense of the word, are hollow vesicles, exist in but few 
of the compound glands; and it would be anything but reasonable to 
say that the secretion was formed solely at the closed extremities of 
the branched ducts and tubular canals of other glands, such as the 
liver and kidneys. Some compound glands, moreover, present in 
the course of the excretory duct the same elementary parts as at the 
extremities of its branches, whether they be cells, as in the salivary 
and lachrymal glands of birds and the Meibomian glands of the 
human subject, or caeca, as in the liver of Crustacea and the lachrymal 
gland of the chelonia. When glands consist of aggregated caeca, the 
limit between the elementary parts of the gland and the efferent duct 
cannot indeed be at all indicated. It is therefore extremely probable, 
or rather certain, that the process of secretion goes on throughout the 
whole extent of the glandular canals, consequently from one con¬ 
tinuous surface. 

Mode of exhalation .—The older physiologists were led to imagine 
the existence of exhalent vessels through their ignorance of that pro¬ 
perty of animal tissues by virtue of which all matters in solution are 
imbibed and transmitted from one part to another, through invisible 
pores. But it is now known that the exhalent vessels do not exist, 
and that, in a secreting surface, the blood-vessels simply form a very 
close network. The depth at which this network lies, in a membrane 
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not covered with epidermis, has been already shown to be exceed¬ 
ingly slight. The fluid parts of the blood circulating in the capillaries 
will, therefore, readily permeate the particles of the special tissue of 
the secreting membrane, and may escape on its free surface, after 
having undergone a chemical change by its influence. We do not 
hereby explain the power by which the secretion is thrown off from 
the secreting surface, but merely the possibility of the fluid finding 
its way through the coats of the vessels and the membrane. Many 
secretions are attended with a profuse exudation of fluid, which, like 
many other phenomena, cannot for a moment be attributed to the 
force of the heart’s action, and the impulse thus communicated to 
the blood: such a mechanical explanation is by no means satisfactory; 
for besides the absence of the heart’s action to account for secretion 
in plants, the cases in which secretion is increased by local irritation, 
the heart remaining unaffected, are quite inexplicable by such means. 
Another difficulty to be solved is the cause of the escape of the se¬ 
creted ffuid solely on the free surface of the membrane:—Why does 
not the mucus, for example, collect as readily between the coats of 
the intestine as exude from the inner surface? Why does not the 
bile permeate the walls of the biliary ducts, and escape on the surface 
of the liver as readily as it forces its way outwards in the course of 
the ducts? Why does the semen collect on the inner surface only of 
the tubuli seminiferi, and not in their exterior—in their interstices? 
The elimination of the secreted fluid on one side only of the secreting 
membrane, namely, on the interior of the canals, is one of the greatest 
enigmas in physiology; it may perhaps be explained by either of the 
following hypotheses:— 

1. It may be imagined that the capillaries of the gland are pro¬ 
vided with exhalent pores so constructed as to allow fluids to pass 
through in one direction only, namely, towards the cavity of the 
glandular canals. But here the difficulty occurs, that this hypothesis 
presupposes the existence of what cannot be demonstrated, and that 
we must again suppose that there are other pores in the coats of the 
capillaries for the passage of the fluids destined for the nutrition of 
the secreting canals. 

2. The more probable supposition is, that by virtue of imbibition, 
or the general inorganic porosity, the fluid portion of the blood be¬ 
comes diffused through the tissue of the secreting organ; that the 
external surface of the glandular canals exerts a chemical attraction 
on the elements of the fluid, infusing into them at the same time a 
tendency to unite into new combinations, and then repels them, in a 
manner which is certainly quite inexplicable, towards the inner sur¬ 
face of the secreting membrane or glandular canals.* That the pro¬ 
cess which we are endeavouring to explain, does not consist merely 
in exudation, but is dependent on an action of the secreting mem¬ 
branes, is evident from the quantity of the fluid poured out by a 

♦ Compare the observations of Mascagni on this subject:—“Nova per poros 
inorganicos secretionura theoria vasorumqiie lymphaticorum historia iterum vul- 
gata et parte altera aucta, in qua vasorum minimorum vindicatio et secretionura per 
poros inorganicos refutatio continetur.” Auct. P. Lupi. Romse, 1793. 
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stimulated salivary gland, and from the suddenness and abundance 
of the secretion of tears excited sometimes by momentary impres¬ 
sions. 

Although quite unsupported by facts, this theory of attraction and 
repulsion is not without its analogy in physical phenomena; and it 
would appear that very similar powers effect the elimination of the 
fluid in secretion, and cause it to be taken up into the lymphatics in 
absorption. It is an extraordinary circumstance that frequently, in 
different component tissues of the same membrane, both processes 
are going on within a very small space; that in the mucous mem¬ 
branes, for example, the mucous follicles, which secrete, are closely 
surrounded by the lymphatics, which attract and absorb. 

Dr. Wollaston supposed that secretion was attended with electri¬ 
cal action. He relates the following experiment:—A glass tube two 
inches in length, and I of an inch wide, was closed at one end with 
bladder, and partly filled with water containing of common salt. 
The bladder was moistened on the exterior and placed on a plate of 
silver; a zinc wire being now connected by the one end with the 
plate of silver, and by the other brought in contact with the water, 
pure soda appeared on the outer surface of the bladder. Eberle, 
{Physiologic der Verdauung, p. 137,) however, found a stronger 
galvanic influence necessary to produce this effect. 

The cause of the peculiarity, and difference of secretions can be 
found in no external mechanical conditions. They have been attri¬ 
buted to difference in the rapidity of the blood’s motion in the dif¬ 
ferent organs; but it should first be proved that the rapidity of the 
blood’s motion does differ in this way. They have been ascribed, 
again, to different states of the blood-vessels, and to the particular 
angles at which they divide; but it may be seen in Lieberkiihn’s 
preparations that the blood-vessels in the kidneys divide nearly in the 
same way as in the testes, and in the salivary glands not far other¬ 
wise than in the liver; and in all parts reticulated capillaries are seen 
forming anastomoses between the arteries and veins. Others, again, 
have endeavoured to account for the differences of secretions by 
differences in the free ends of the arteries, but we have shown that 
arteries have no free extremities with open mouths. Others attribute 
a great influence to the different diameters of the canals which re¬ 
ceive the secretions, and yet the most various and peculiar fluids are 
secreted on simple membranes. All these circumstances, on which 
Haller has laid far too much stress, even if they existed, would not 
be sufficient to explain the difficulty. Besides, how easily may all 
such mechanical explanations be dismissed by this simple question:— 
What gives rise to the formation of brain on the one hand, of muscle 
on the other, and, again, in another case of bone? Does the brain 
also depend for its formation on a peculiar angle of division of the 
blood-vessels? 

The peculiarity of secretions does not depend on the internal con¬ 
formation of the glands; for, as 1 have sufficiently demonstrated, 
each secretion is in diflferent animals the product of (he most various 
glandular structures, and very different fluids are secreted by glands 
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of similar organisation. The nature of the secretion depends there¬ 
fore solely on the peculiar vital properties of the organic substance 
which forms the secreting canals, and which may remain the same 
however different the conformation of the secreting cavities may be; 
while it may vary extremely although the form of the canals or ducts 
remains unchanged. The variety of secretions is due to the same 
cause as the variety of the formation and vital properties of organs 
generally; the only difference being that, in nutrition, the part of the 
blood which has undergone the peculiar change is incorporated with 
the organ itself, while in secretion it is eliminated from it. 

Several chemists, and especially Chevreul, have recently laboured 
to prove that all secretions are formed independently of any change 
effected by the organ in the components of the blood; that all the 
materials of the different secretions pre-exist in the blood itself; and 
that the principal action of the secreting organ is merely to attract 
these matters from the blood and to transfer them to the fluid 
secreted. As circumstances favouring this view very strongly, 
Gmeliri mentions, that the salts of the blood and those of the secre¬ 
tions are nearly identical; that, both in the blood and in the secre¬ 
tions, osmazome, and a substance resembling salivary matter, occur; 
and that many of the substances which were formerly believed to 
exist only in the secretions, namely, casein, cholesterine, stearine, 
elain, and elaic acid, have been discovered in the blood. The ex¬ 
istence of cholesterine in the blood has been recently confirmed 
anew by Boudet. {Essai critique et exphnmental sur le Sang, 
Paris, 1833.)(«) Nevertheless the theory appears to me to be founded 
on a very erroneous view; for, in the first place, neither horn, mucus, 
biliary matter, picromel, semen, true casein, true salivary matter, 
nor the poisonous matters secreted by animals, are contained in the 
blood; and secondly, components of the secretions may accidentally 
re-enter the blood by imbibition, so that their presence in it is no 
proof of their being part of its natural constituents; and, in fine, the 
existence of all the secreted matters in the blood would not do away 
with the difficulty, for it would remain to explain how they were 
formed in it,—for instance, in the blood of herbivorous animals. It 
is, indeed, quite certain that the “true secretions,” as distinguished 
from the “excretions,” are, like the solid parts of the body, formed 
from the more simple constituents of the blood by the organs which 
secrete them. 

The chemical process of secretion is not at all understood. The 
simple problem to be solved is, how the secreting membranes can, 
at the same time, and from the same blood, nourish themselves,— 
that is, attract analogous particles and add them to their own sub¬ 
stance,—and also secrete or eliminate non-analogous particles; for 
the secreted fluid is in its chemical properties wholly different from 
the secreting organ. The glandular substance, generally, consists 
merely of uncoagulated albumen, which, when reduced to a state of 
minute division, is readily soluble in water. The elementary parts 


(a) See on this subject Liebig’s Jlinmal or Organic Chemistry. 
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of a secreting organ are, as far as I have observed, of a grey, greyish- 
white, or yellowish-white colour; thus, even in the liver of the em¬ 
bryo, the biliary canals seen on the surface of the organ are of a 
yellow-white colour, and it is only owing to the reticulated capillaries 
that the liver has a brown aspect; yet the bile is green. In oviparous 
animals the urine is white, but the substance of the kidneys has a 
totally different appearance, as may be observed in very young birds 
just escaped from the shell, where the minute urinary canals are 
visible on the surface of the kidneys, filled with the white urine, as 
if injected. Berzelius did not detect in the substance of the kidney, 
the peculiar chemical constituents of the urine. {Berzelius, Chimie 
Snimale, translated by Jourdan, p. 333.) The substance of the 
liver is, it is true, found to contain fatty matters which are com¬ 
ponents likewise of the bile, and in disease it is prone to become 
converted into fat; but the essential constituents of the bile have not 
been detected in it. Braconnot’s analysis of the liver shows that 
its composition is very different from that of the bile; and Kuehn 
{Kastner^s Jirchiv. xiii. p. 337,) has obtained from the liver a 
fatty matter which differs by very marked characters from choles- 
terine. Besides, it must be remembered that it is almost impossible 
to obtain any of the substance of the organ entirely free from bile. 
But restricting ourselves to the “secreting membranes,’’ we find that 
the skin, for example, contains no horny matter, and yet it secretes 
that substance; and the tissue of the choroid, when washed, seems 
itself to contain no pigmentum nigrum. 

It is therefore certain that the matter secreted differs in its chemical 
properties from the organ which forms it, and that secretion cannot 
be a mere liquefaction of the substance of the organ; that, on the 
contrary, the substance of the secreting surface, while it attracts to 
itself analogous matters from the blood for the purpose of nutrition, 
at the same time separates from it something that is non-analogous. 

In the nutrition of organs which afford no secretion, those com¬ 
ponents of the blood which are analogous to the tissue are attracted 
by it, while the non-analogous components re-enter the circulation; 
but in the process of secretion non-analogous matters are thrown off 
and carried out of the body. 

It might then be imagined, that each molecule of blood which 
comes under the decomposing influence of a secreting organ, is com¬ 
pletely decomposed and disposed of by it; so that those of its elements 
which go to the nutrition of the organ, and those which form the 
secretion, would, reunited, produce blood. If the molecule of blood 
is expressed by the sign a, and a molecule of the component matter 
of the secreting organ by x, the secretion would, according to the 
above supposition, be a — x. We have no data to determine whether 
this hypothesis is correct or not; therefore, I will not adopt it, but 
mention it merely as an idea worthy of consideration in further re¬ 
searches. It is a simple and therefore attractive hypothesis, but is 
at once seen to be untenable in the case of those secretions in which 
the matters separated from the blood have—as urea, for example,— 
been formed in other parts of the body. 

38 
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That the secretion undergoes a further change,—that its formation 
is perfected,—in its passage through the narrow and often very long 
canals of the glands, may be conceived to be possible, but is not 
susceptible of proof. There has always been a disposition to admit 
this supposition in the case of the testis; but since the tubuli of the 
kidney are as long as those of the testis, while the urine is a mere 
excretion and does not require any further elaboration, it is evident 
that the length of the tubes has a more important relation to the 
extent of the secreting surface than to the production of any further 
change in the fluid already secreted. 

The chemical composition of the individual secretions offers at 
present little interest in relation to the general physiology of se¬ 
cretion, and is important only in connection with the several func¬ 
tions in which they are implicated; the “secreta” therefore are 
treated of in the sections devoted to those functions. Those which 
are met with more generally throughout the body,—fat, mucus, and 
synovia,—have been described with the secreting membranes; the 
bile, saliva, the gastric and pancreatic secretions, have also come 
under consideration in the section on digestion; the urine and per¬ 
spiration will follow under the head of the excretions; semen, milk, 
&c. with the subject of generation. 

The microscopic globules found in some secretions^ as the semen 
and milk, for instance, are important. I have observed in the bile 
of the frog very scanty granules, unequal in form and size, the 
largest about five times smaller than the red particles of the animal’s 
blood; the green colouring matter of the bile, however, is in solution; 
Weber also describes granules as existing in the bile. I have like¬ 
wise found granules in very small number in the saliva; Weber 
finds them to be larger than the red particles of the blood, and trans¬ 
parent: the greater part, however, of the solid matter of the saliva 
is in solution. Weber could discover no globules in the perfectly 
transparent portion of mucus; he saw only the ordinary flakes of 
the mucus. It appears to me, that by far the largest proportion of 
the components of the saliva, bile, and mucus, as well as of the 
urine, is in solution; while in the semen, milk, pigmentum nigrum, 
and pus, on the contrary, there are granules in such number that 
they must be looked upon as among the most essential ingredients 
of these fluids. The granules of the pigmentum nigrum are, ac¬ 
cording to Weber, of unequal size, but in the mean about of an 
English inch; they are therefore about half as large as the red par¬ 
ticles of the blood. The globules of the milk are described by 
Weber as being very transparent, and round, but irregular in size; 
in the mean ^ or 5 smaller than the blood particles. Treviranus 
remarks, that they do not sink in the fluid, and that they refract the 
light strongly, and hence he infers that they are globules of fat. 
Weber regards them as composed of casein and fatty matter. The 
pus globules are, according to Weber, round, and measure from 
to TsV? of an inch in diameter, the size of the majority being 
Wtt of an inch; they are therefore about twice as large as the red 
particles of the blood. All the foregoing facts prove that the globules 
of the secreted fluids are not red particles of the blood which have 
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undergone a change; the globules of the milk are too small, those 
of the pus too large; the latter cannot come from the interior of the 
capillary vessels, for their diameter is greater than that of the 
smallest of these vessels. Besides, if red particles thus altered could 
find their way out of the vessels, others in the unchanged state 
would escape with them. The view which I take of the mode of 
production of the globules of the milk, pigmentum nigrum, and pus, 

is, that they are either thrown off from the substance of the secreting 
surface, or formed by the partial coagulation of the animal matter 
dissolved in the secretion into globules, (in a way similar to the 
coagulation of albumen from its solution,) which is probably the 
mode in which the particles of the milk and pigmentum nigrum are 
produced. With respect to the origin of the globules of pus, 
Autenrieth [Physiol, ii. 119,) relates the following remarkable ob¬ 
servation:—If some of the watery moisture which exudes from the 
surface of an inflamed part after the pus has been removed, is col¬ 
lected between two transparent thin plates of talc, and allowed to 
lie in the wound, globules are seen to form gradually in it, to enlarge 
and become opaque; while, if the fluid is removed altogether from 
the atmosphere of the living textures, no such change takes place in 

it. Brugmans* also states, that if a suppurating surface has been 
washed clean, the pus is seen to be secreted as a clear fluid, which 
afterwards becomes thick and opaque.t See also the observations 
of Vogel relative to the formation of the pus globules. 

2. Of the influence of the nerves on secretion. 

There is at present little known concerning the influence of the 
nerves on the process of secretion. The experiment instituted by 
the Baron A. Von Humboldt on his own person, is well known. 
Having applied two blisters to the region of the shoulders, he 
covered one of the blistered surfaces with a silver plate, and closed 
the circle by means of a conductor of zinc, when a painful burning 
was produced, and a change in the character of the discharge; from 
being bland and colourless, it became a red acrid fluid, which left 
livid red streaks on the parts of the back where it ran. (Ueher die 
gereizte Muskel und Nervenfaser^ i. 324.) M. Most (Ueber die 
grossen Heilkrufte des Galvanismus, 1823) likewise states, that, 
having caused a galvanic current to pass through the parotid, by 
applying the positive pole to the situation of the gland for the 
space of ten minutes while he held the negative pole in his hand, 
an increased secretion of saliva, which was neither acid nor alkaline, 
took place. 

The influence of the nerves on secretion has as yet been made the 
subject of few direct experiments; but it is certain that, after division 
of the nervus vagus, the secretion of gastric juice generally ceases. J 

♦ Diss. de Pyogenia, 114.—Schroeder van der Kolk, Observ. Anat. Pathol. 21. 

f On the subject of this section, consult Wedemeyer, fiber den Kreislauf des 
Blutes; Doellinger, Was ist Absonderungl Wurzburg, 1819. 

j; Tiedemann und Gmelin, die Verdauung, i, 340. The French translation by 
Jourdan, pt. i. p. 372. 
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That this is not always the case, however, is proved both by the ex¬ 
periments performed on geese by myself, in conjunction with Dr. 
Dieckhof, and by those of Dr. Reid on dogs. (See the remarks on 
the influence of the nerves on digestion in a preceding Section). 
Brodie {Phil. Trans. 1814, p. 104,) has shown, by a series of experi¬ 
ments, that, when the nervus vagus and nervus sympatheticus* have 
been divided, arsenic does not give rise to the copious secretion in the 
stomach and intestines which usually follows its exhibition. Dr. Reid 
{Edin. Med. and Surg. Journal^ vol. 51, p. 322,) has repeated these 
experiments of Sir B. Brodie, but with a different result. The watery 
secretion and mucus were formed in the stomach and intestines in as 
great, or nearly as great, abundance in dogs of which the nervi vagi 
had been divided, as in other dogs in which the operation had not been 
performed. The secretion of the pulmonary mucous membrane also 
is altered by division of the vagus; hence the frothy blood exudation 
which is found in the lungs after that operation. Dr. Reid, however, 
has rendered it probable that the eATusions into the bronchi are not a 
direct effect of the section of the nervi vagi, (see page 327). 

Krimer has instituted some experiments relative to the influence 
of the nervous system on the secretion of urine, an influence which 
is proved to exist by the circumstance that nervous atfections are 
usually attended with secretion of limpid urine containing an unna¬ 
turally small proportion of its proper ingredients. Krimert states, 
that on examining the state of the urinary secretion after having 
divided the nerves of the kidneys, he has found it contain albumen 
and red colouring matter of the blood, their proportion increasing in 
the same degree as that of the proper constituents of the urine de¬ 
creased. Division of the vagus did not put a stop to the secretion 
of urine; but rhubarb and prussiate of potash taken by the mouth 
ceased to pass off by the urine, which at the same time acquired 
greater specific gravity from containing serum of the blood; when 
the divided nerves, however, were connected with the galvanic pile, 
the urine reacquired its normal character, and was found to contain 
the above-mentioned substances. After division of the spinal cord 
in the dorsal or lumbar region, the urine became limpid like water; 
while division of the sympathetic nerve in the neck caused it to 
become alkaline and albuminous; its normal properties being, how¬ 
ever, restored on the application of galvanism. Brachetf has made 
similar observations on the effects of interrupting the transmission 
of nervous influence to the kidney. He divided the renal artery of 
a dog, and then connected its two portions by means of a canula, 
so that the renal nerves were divided, but the supply of blood main¬ 
tained. The fluid, which flowed from the ureter during several 
hours succeeding the operation, was red, and separated into a fibrous 

* This is an erroneous statement. Sir B. Brodie’s experiments had reference 
to the effects of division of the vagus only, and not of the sympathetic nerve. 

t Physiol. Untersuchungen. His experiments are given in Lund’s Physiolog. 
Resultat. der Vivisect, neuerer Zeit. Kopenhagen, 1825, p. 204. 

j: Recherches Experiment, sur les fonctions du Syst. Nerv. Ganglion. Paris, 
1830, p. 269. 
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coagulutn and serum. Repetition of the experiment was attended 
with the same result. Division of the nervi vagi had no effect on 
the secretion of urine. 

I have recently, in conjunction with Dr. Peipers, instituted a series 
of experiments on dogs and sheep, to determine the influence of the 
nerves in secretion. We applied a ligature to the renal vessels (the 
ureter being excluded), and tied it so tightly that the texture of the 
renal nerves included in it should at that point be destroyed. We 
then loosened the ligature again, so that the circulation of the blood 
through the kidney was re-established. The ureter was brought to 
the exterior of the body and a tube connected with it. In most 
cases the secretion of urine was completely arrested, even when the 
same operation was performed on the second kidney (in a sheep), 
and the ligature retained on that side to render the secretion of urine 
there quite impossible. Once only, namely, in a sheep, the secretion 
continued in the injured kidney; but the fluid was bloody, and M. 
Wittstock found that it contained hippuric acid. The softened state 
of the substance of the kidney after the performance of these expe¬ 
riments, which were often repeated, was very remarkable. {Peipers^ 
de Nervorum in Secretion, idctione^ Berol. 1834). 

The influence of the nerves on the glands may be of a different 
nature in each gland, or, which is more probable, it maybe the same 
in all, merely enabling the secreting substance, in each gland endowed 
with peculiar properties, to exert its chemical action. Daily experi¬ 
ence affords us many proofs of the influence of the nerves on secre¬ 
tion. We know that, during the depression of the nervous system 
in the cold stage of fever, not only the quantity of all the secretions, 
but also the proportion of their natural ingredients is diminished; 
and that, with the accession of the hot stage, the secretions are re¬ 
stored. We also know that dryness of the mucous membranes and 
of the skin are often signs of depressed nervous influence in acute 
diseases. How frequently, too, do we observe the influence of pas¬ 
sions of the mind on secretion, for example, on the secretion of the 
tears, of the bile, and the milk, and even on the secretion and other 
conditions of wounds. It has indeed been stated that the presence 
of the foal has an effect on the secretion of milk in the mare. 1 will 
not lay stress on the accounts of the poisonous action of the saliva 
of enraged animals; for the phenomena observed in such cases to fol¬ 
low the bite are generally,perhaps,merely those dependent on the form 
of the wound: but it is a well-known and undoubted fact, that not 
merely the presence of food in the mouth causes an increased flow 
of saliva, but that even the sight of savoury food excites the salivary 
secretion. If it were possible wholly to cut off the nervous influence 
of a secreting organ, we should find perhaps, as after division of the 
nervus vagus in reference to the gastric juice, that the function of 
the special secretions is wholly arrested by the interruption of ner¬ 
vous energy. I am far from believing that the power of chemical 
action, which the glandular substance owes to its vital condition, has 
not as equally important a share as the nervous influence in the 
process of secretion; but it is probable that the influence of the 

38* 
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nerves is necessary for the support of this chemical action, which in 
each gland is different. 

On a first view, the cerebro-spinal, as well as the sympathetic 
nerves, appear to have the function of regulating secretion. The 
distribution of the lingual nerve in the submaxillary and sublingual 
glands, of the glosso-pharyngeal nerve in the tonsils, and of a branch 
of a tibial nerve in the capsule of the knee-joints, are well-known 
anatomical facts. It is remarkable, that the female mammary gland 
receives its nerves, not directly from the sympathetic, but, as it ap¬ 
pears to me, only from the third and fourth intercostal nerves. It is 
extremely probable, however, that the cerebro-spinal nerves are 
accompanied by fibres of the sympathetic; indeed, Retzius has shown 
this to be the case with the second branch of the fifth nerve in brutes, 
and in them it is evident also in the case of the nervus buccinatorius, 
on the surface of which may be traced many grey nerves, derived 
from the otic ganglion. In hemiplegia from disease of the brain or 
spinal marrow, the secretion of the surface on the affected side, in 
some cases, is altered, in others remains unchanged. 

3. Of the changes of which secretions are susceptible. 

The process of secretion may be disturbed from local, as well as 
from general causes. 

The state of the secreting organ affects not merely the quantity, 
but even the quality of the secretion: the urine is watery, and con¬ 
tains less of its proximate components, after nervous attacks: the 
mucus secreted in the different stages of a catarrh is very different, 
—at first it is watery and salt, afterwards more consistent; but the 
inflammation at length generally arrests entirely the special secretion 
of every secreting organ, as it does the function of other organs. 
Stimulants or irritation affect secreting organs in a peculiar manner; 
at first the secretion is increased in quantity, but, in proportion as the 
irritation passes into inflammation, the state of increased action dimi¬ 
nishes. When secreting organs become relaxed, and their texture 
loose, the secretion is generally increased in quantity, but diminished 
in consistence,—it becomes more watery; when they are relaxed, 
and at the same time their texture thickened, the secretion is lessened 
in quantity. This observation applies to all secreting organs, the 
mucus membranes of the nostrils, the conjunctiva, and the skin. 
Morbid secretions are subject to the same law: an ulcer when stimu¬ 
lated, affords a copious secretion of pus; if it becomes highly in¬ 
flamed, the secretion is stopped; if the ulcer is relaxed,—its walls 
loose and flabby,—it secretes a copious watery fluid; while if, at the 
same time that its action is feeble, its tissue is thickened by the de¬ 
position of the products of inflammation, the secretion formed by it 
is very scanty. 

Interruption of nervous influence causes diminution of the quantity 
of the natural secretion of a secreting organ; thus, in hysterical pa¬ 
roxysms the urine is almost colourless; in fevers, with depressed state 
of the nervous energy, and in the cold stage of all fevers, the skin is 
dry. But it is extraordinary, that a much more complete arrest of 
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the nervous energy,—such as occurs in syncope, and under the in¬ 
fluence of terror,—may cause an unusually copious secretion on the 
skin, producing cold sweat, or in the intestines, giving rise to diar¬ 
rhoea. We are acquainted with the changes produced in the compo¬ 
sition of secretions, in consequence of affections of the nervous 
system, rather by their injurious effects,—for instance, by the effects 
of milk and bile secreted after the mind has been the subject of violent 
emotions,—than by any chemical examination to which they have 
been submitted. 

Since all secretions, inasmuch as they extract certain ingredients 
from the blood, produce a change in its composition, no one secretion 
can be altered in quantity or quality without disturbing the balance 
which exists between all in their action on the blood; hence, the in¬ 
crease of one secretion gives rise to the diminution of another. On 
the principle of this relation between the different secretions, or their 
“antagonism,’’ as it is called, depends the practice of exciting artificial 
discharges to put a stop to morbid secretions. The antagonism of the 
secretions is observed to be subject to the following laws: 

1. The increase of a secretion in a tissue, a, which is less irritable 
than the organ, b, is incapable of producing a diminution in the secre¬ 
tion of the latter; hence, for example, secretions from the skin, arti¬ 
ficially excited, as by a blister, in the neighbourhood of the eye, are 
of no service, in inflammations of the latter organ, because the eye 
is a more irritable part than the skin.(«) 

2. An increased secretion in a certain tissue, a, cannot be dimi¬ 
nished by exciting the same secretion in another part of the same 
tissue, a; on the contrary, such a procedure would rather increase 
the secretion from all parts of the tissue than diminish it, because the 
relation which exists between the different parts of the one and the 
same tissue is that of sympathy, not of antagonism. Hence, a dis¬ 
charge from the generative or urinary organs cannot be arrested by 
an artificially excited diarrhoea. 

3. On the contrary, the secretions of tissues which do not belong 
to the same class of structures, often antagonise each other. Thus, 
increase of the cutaneous secretion frequently induces diminution of 
the secretion of the kidneys; in summer the cutaneous exhalation is 
more abundant, and the urinary secretion proportionally scanty; and 
in winter the reverse is the case. Effusion of watery fluids into the 
cellular membrane and serous cavities is attended with dryness of 
the skin and diminution of the urinary secretion, the quantity of 
which is observed to increase in the same proportion as the dropsical 
effusions diminish. Suppression of the exhalation from the skin by 
cold, gives rise to mucous discharges from the intestinal and pulmo¬ 
nary mucous membranes. 

4. It is only towards the termination of consumptive diseases that 
this relation of antagonism between the secretions ceases to exist, 
when in consequence of the relaxed state of the tissues, all are at 
length increased in quantity; in the colliquative state that precedes 


(a) The premises must be faulty here, for the practical inference is erroneous. 
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death in phthisical patients, colliquative diarrhoea, profuse sweating, 
and dropsical effusions take place simultaneously. 

5. When one tissue is excited to increased action by an impression 
made upon another, either the secretion of the two must have been 
in some respects similar, as in the case of the skin and kidneys, both 
of which have the office of excreting water from the blood; or the 
organ thus excited must have had a predisposition to morbid action, 
which is the rational explanation of the circumstance, that the im¬ 
pression of cold produces in one person an affection of the mucous 
membrane of the lungs, in another, a disordered secretion of mucus 
in the intestinal canal.* 

Sometimes the suppression of a secretion in one part of the body 
gives rise to the appearance of the same fluid in another part. This 
happens most frequently with those matters which exist in the blood 
previously to the act of excretion. Effusions of blood, vicarious of 
the menstrual flux, have certainly occurred; and the total destruction 
of both kidneys, by preventing the elimination of the urea already 
present in the blood by the ordinary channel, must tend to induce 
effusions of fluids impregnated with urea in all the other parts of 
the body. Nystent has ascertained the existence of urea in fluids 
formed in other parts during the total suppression of the renal secre¬ 
tion; and it is an undoubted fact that lithate of soda is contained in 
the depositions of gout. 

If, however, the essential ingredient of the secretion does not exist 
in the blood itself, the suppression of this secretion in the organ 
destined to form it, cannot cause its metastatic appearance in other 
parts; the instances which have been adduced of such an occurrence 
are ill-supported by proofs. 

In the cases in which the total suppression of one secretion gives 
rise, by an antagonistic influence, to the production of another, the 
ingredients of which cannot be derived ready formed from the blood, 
the new secretion is always essentially different from that, for the 
suppression of which it seems to compensate, and resembles it only 
so far as is compatible with its natural proximate elements. True 
vicarious secretion of milk, for example, never occurs. Autenrieth 
has remarked that such supposed secretions of milk from other organs 
do not contain the essential components of milk, namely, the sugar 
of milk and butter. They contain only those proximate compo¬ 
nents of the blood which might have served for the formation of 
milk, such, for example, as albumen. We have already shown the 
fallacy of the views relative to the supposed metastatic secretion of 
pus. (See pages 264-5.) 

The glandular secreting canals pour out the product of their 
chemical action on their interior surface. (See the remarks on this law 
at the beginning of this Chapter.) It is only in very rare cases—as 
in the form of jaundice excited by affections of the mind,—that the 
newly-formed matter seems to be again carried into the circulation. 

* Consult Heusinger, liber den Antagonismus der Excretionen, in his Zeitschrift 
fiir organ. Physik. Bd. i. 

f Kecherches de Chim. et de Physiol. Pathol. Paris, 1811, p. 263-293. 
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4. Of the discharge of the secretions. 

The efferent ducts of glands are lined by a mucous membrane, 
which has on its exterior an extremely thin layer of muscular sub¬ 
stance. The existence of muscular fibres cannot, it is true, be 
demonstrated anatomically,* but physiological observations place it 
beyond dispute; the efferent ducts of most glands have the power of 
contracting when irritated. The contractile power of the ductus 
choledochus in birds was known to Rudolphi. By irritating mechani¬ 
cally or by galvanism the ductus choledochus of a bird just dead, I 
have frequently produced a very strong contraction of it, which con¬ 
tinued some minutes, after which the duct resumed its previous state. 
I have often excited strong local contractions of the ureters likewise, 
both in birds and in rabbits, by the application of a powerful gal- 
ganic stimulus. Tiedemannt also has seen motions of the vas 
deferens of a horse ensue on the application of a stimulus. It ap¬ 
pears, indeed, that periodic vermicular motions are performed by the 
efferent ducts, at least by the ductus choledochus in birds; for once, 
namely, in a bird just killed, I observed contractions of the duct to 
occur regularly in pauses of several minutes; the tube dilating again 
in the intervals. It was here remarkable, that the contractions took 
place in an ascending direction, namely, from the intestine towards 
the liver; which seems to throw some light on the mode in which the 
bile at certain times, instead of being expelled into the intestines, is 
retained and driven into the diverticulum of the duct,—the gall¬ 
bladder; the complete closure of the mouth of the duct contributing 
perhaps to this effect. 

The discharge of the bile from the gall-bladder during digestion 
results probably from the mere pressure of the surrounding parts, 
and the action of the abdominal muscles, while the mouth of the 
duct is open: for I doubt if the gall-bladder is contractile; I could 
produce no contraction of it in Mammalia and birds, even with the 
most powerful stimulus of a galvanic battery; and in this respect it 
differs from the other diverticula of efferent ducts, namely, the urinary 
bladder, and the vesicula seminalis, which it resembles in all other 
characters. 

Dr. G. H. Meyer, ( Op. citat.) however, states, that by means of 
a galvanic battery of fifty pairs of plates, he has caused the gall¬ 
bladder of an ox to contract so as to diminish its capacity one- 
fourth. 

The nature of the internal coat of the efferent ducts, and the 
contractility of their middle coat, prove most clearly that they are 
merely diverticula of the membranous tubes into which they lead; 
thus, the ductus choledochus and pancreaticus, consisting as they do 

* This appears to have been done, however, by Dr. G. H. Meyer, (Diss. inaug. 
de MuscuUs in duct. efF. glandul. (Berol. 1837.) He describes the course which 
the fibres take in the different layers of the muscular coat of the ureters of the 
horse and gall-bladder of the ox. 

f Ueber die Wege, auf welchen Substanzen aus dem Magen und Darm-kanal 
ins Blut gelangen, p. 22.—Recherches sur I’Absorption; traduit par Heller. Paris, 
1821. 
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of the same membranes as the duodenum, are prolongations of its 
coats. 

How far the contractility of the ducts may contribute to the fre¬ 
quently sudden expulsion of the saliva and tears, is a question which 
I mention merely as requiring further investigation. I may, in con¬ 
clusion, remark, that since the contractility of the ducts of glands is 
proved experimentally, the spasm of these parts, spoken of by 
physicians, ceases to be a mere hypothesis. 


CHAPTER IV. 

OP THE ELIMINATION OP THE EPPETE DECOMPOSED MATTERS. 

Lipe is attended with a constant decomposition of organic matter; 
the causes of this we have already investigated (Prolegomena). 
We have seen that the action of external stimuli is necessary for 
the continued manifestation of life; that their action produces a 
change in the composition of the organic matter of the body; and 
that, while more important organic compounds are generated, the 
useless ingredients of the substances which suffered decomposition 
are excreted. We know, moreover, that even the conversion of the 
new nutriment into blood is necessarily attended with the excretion 
of useless elements. The apparatus by which these effete matters 
are eliminated, not formed, are the skin and kidneys. The nature of 
the excretions, however, is the subject of our present consideration. 
The organic conditions on which secretion and excretion generally 
depend have been treated of in the section on Secretion. 

Relative quantity of the excretions. —Dr. Dalton {Edinb. New 
Philosoph. Journ. 1832, 1833,) has made a number of experi¬ 
ments in his own person, to determine the proportion which exists 
between the quantity of the aliment and that of the excretions in a 
healthy subject. In the first series, instituted in the month of 
March, and continued during fourteen days, 91 ounces, or nearly 
6 pounds, was the mean quantity of solid and fluid aliment taken 
into the system daily. The average amount of urine excreted 
each day was 48^ ounces, of faeces 5 ounces, making together 532 
ounces; so that, provided the weight of the body remained the 
same, the amount of matter exhaled daily by the skin and lungs 
must have been 372 ounces. The second series of experiments 
was instituted in summer, in the month of June; the daily amount 
of solid excreta was then less by 4 ounces; while the quantity of 
the urine was greater by 3 ounces, the quantity of matter carried off 
by exhalation was 442 ounces,—6 ounces more, consequently, than 
in the spring. In autumn half the daily amount of food was got 
rid of by exhalation. Dr. Dalton calculated that the aliment which 
he took in twenty-four hours, contained about II 2 ounces of carbon. 
Now he estimates the proportion of carbon in the urine at 1^ per 
cent.; it would, therefore, in 482 ounces amount to or of an 
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ounce. A hundred parts of faeces contain 75 parts water, and of 
the remainder not more than 10 parts are carbon. In 5 ounces of 
faeces, consequently, there would be but half an ounce of carbon, 
and 10| ounces of this element must bo got rid of by cutaneous and 
pulmonary transpiration. By earlier experiments {Manchester Me¬ 
moirs. New Series. Vol. ii. p. 27,) Dr. Dalton had ascertained that 
the amount of carbon exhaled from his lungs in twenty-four hours 
averaged about 10^ ounces. The average quantity of water expired 
was at most 20^ ounces. So that in twenty-four hours 30# ounces 
of effete matters—water and carbon—are excreted from the lungs, 
leaving 6# ounces to be exhaled by the skin, of which ounces 
would be water and a quarter of an ounce carbon. According to 
this calculation, then, the quantity of the matters exhaled by the lungs 
is five times greater than that of the cutaneous transpiration. Dr. 
Dalton estimates that of the six pounds of new matter taken daily 
as nutriment, one pound consists of carbon and nitrogen, the rest 
being for the most part water. 

Excretion of foreign matters. —Foreign matters, which have been 
taken up into the circulation, are not excreted at the same time and 
with equal facility by all the free •surfaces of the body. On the 
contrary, it is observed that the different excreting organs manifest 
different degrees of attraction for different foreign substances, of 
which some are excreted more readily by one organ, others by other 
organs. Thus, it has been shown by Magendie, {Bulletin de la 
SocUt^ Philom. 1811,) and Tiedemann, {Zeitschrift fur Physiol. S, 
2,) that alcohol, camphor, spirit of turpentine, musk, sulphuret of 
carbon, and phosphorus, are exhaled by the lungs; while saline and 
many colouring matters pass off, either changed, or in their original 
state, more especially by the kidneys. It may be stated generally, 
that those matters which are prone to pass out of the system by a 
certain secreting organ, are likely to be stimulants of that organ, and 
hence we may explain the stimulant action of the neutral salts on 
the kidneys, these salts being generally excreted in an unchanged 
state with the urine. The results of Woehler’s researches {Ibid. 
Bd. i.) on the excretion of foreign matters by the kidneys will be 
detailed in the article on the urine. 

1. Cutaneous Exhalation and Perspiration. 

The skin is the seat of a twofold secretion,—a fatty matter, and a 
vapour. The properties and composition of the first, which is formed 
by the sebaceous follicles of the skin, have not hitherto been examined. 
In the foetus it forms an unctuous coating to the surface of the body, 
and consists then, according to Frotnmherz and Gugert, of an inti¬ 
mate mixture of a fat similar to cholesterine and albumen; the latter, 
however, may be derived from the liquor amnii. 

The sources of the watery exhalation are the skin and the lungs. 
During strong exercise and exposure to great external warmth, in 
some diseases, and also when evaporation is prevented by the appli¬ 
cation of oiled silk or plaister, the perspiration collects on the skin in 
the form of drops of fluid—the sweat. The sweat is secreted by 
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the minute spiral follicles, or sudoriferous canals, discovered by Pur- 
kinje and Breschet, whicli are distributed over the whole surface of 
the skin. 

Quantity of the cutaneous transpiration .—Since the laborious 
researches of Sanctorius, who instituted ingenious experiments for 
the purpose of ascertaining the quantity of the matters lost by exha¬ 
lation, more exact investigations have.been carried on with the 
same view by others, especially by Lavoisier and Seguin. {Mtm. 
de VJicad. des Sc. 1790.— %finn. de Chim. t. 90.) The result of their 
inquiries was, that during a state of rest the average loss by cuta¬ 
neous and pulmonary exhalation in a minute is from seventeen to 
eighteen grains,—the minimum eleven grains, the maximum thirty- 
two grains. To ascertain the amount of the cutaneous and pulmonary 
transpiration separately, Seguin enclosed his body in a bag or dress 
of silk covered with elastic gum, open at the top and provided with 
a copper mouth-piece. The bag, or dress, being closed by a strong 
band above, and the mouth-piece adjusted and gummed to the skin 
around the mouth, he was weighed, and then remained quiet for 
several hours, after which time he was again weighed. The differ¬ 
ence in the two weights indicated the amount of loss by pulmonary 
exhalation. Having taken off the air-tight dress, he was immediately 
weighed again, and a fourth time after a certain interval. The dif¬ 
ference between the two weights last ascertained gave the amount 
of the cutaneous and pulmonary exhalation together; by extracting 
from this the loss by pulmonary exhalation alone while he was in 
the air-tight dress, he ascertained the amount of cutaneous transpira¬ 
tion. The repetition of these experiments during a long period with 
great care afforded the following results:— 

1. However much the quantity of the food may vary, the weight 
of the body, if not subjected to exertion, returns in twenty-four hours 
to about the same standard; so that, 

2. If under otherwise similar circumstances the quantity of the 
food varies, or if, the quantity of the food remaining the same, the 
loss by exhalation is different, the solid and fluid excretions are pro- 
portionably increased or diminished. 

3. When digestion is imperfect, exhalation is less active. 

4. Digestion being good, the quantity of the food has no great 
influence on the amount of exhalation. 

5. The exhalation is least abundant immediately after food is 
taken. 

6. But the greatest loss of weight from exhalation takes place 
during digestion. 

7. The maximum loss by exhalation, cutaneous and pulmonary, 
in twenty-four hours, is 5 lb.; the minimum, 1 lb. 11 oz. 4 dr. 

8. The cutaneous transpiration is influenced both by the state of 
the atmosphere and by the state of the body itself. 

9. The mean loss by exhalation in a minute is 18 grains, of which 
11 grains pass off by the skin, 7 by the lungs. 

Dryness of the atmosphere has the effect of increasing the ex¬ 
halation from the skin and lungs, which process has a cooling 
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influence; while a great elevation of the external temperature is 
attended with a contrary result.* The cutaneous exhalation is more 
rapid when the surrounding air is in motion, and when the atmo¬ 
spheric pressure is not great. M. Edwards makes a distinction 
between the exhalation which is the result of mere physical evapo¬ 
ration, and which would take place in dead bodies under the same 
circumstances, and that which depends on a vital function; and he 
calculates that when the temperature of the atmosphere is not above 
68° Fahr., the vital transpiration contributes only -J- to the total sum 
of culaneous exhalation. The product of the physical evaporation 
is nearly pure water, that of the organic transpiration contains animal 
matters: the former is suppressed when the air is saturated with 
moisture; the latter, when the body is exposed to cold. The pul¬ 
monary exhalation is, according to M. Edwards, solely the effect of 
evaporation, which undergoes diminution in an air saturated with 
moisture, though it be of the same or of a higher temperature than 
the body. The different states of external temperature affect so 
much the function of exhalation, that vve must extract the most im¬ 
portant results of Edwards’ researches on the subject. The tempe¬ 
rature being the same, water is a better conductor of caloric than 
watery vapour, and vapour than dry air; and hence the last is, 
cseteris paribus, supported by the animal body longer without 
inconvenience. Moist and warm air is more heating, because it 
communicates its caloric more readily to the body, and because the 
physical evaporation is not so free in it as in dry air. A warm 
atmosphere saturated with water in a gaseous form, particularly if 
in the form of vapour, excites a more active vital transpiration than 
dry air of the same or even of a higher temperature. If its tem¬ 
perature is lower than that of the body, dry air conducts away less 
heat, and hence is less cooling than moist air, which is a better con¬ 
ductor of caloric. 

The components of the cutaneous exhalation are in part matters 
capable of assuming the form of vapour, such as carbonic acid and 
water, and in part other matters which are deposited on the skin and 
become mixed with the sebaceous secretion. Thenard collected the 
cutaneous perspiration in a flannel shirt which had been previously 
washed in distilled water, and found it to consist ofchloride of sodium, 
acetic acid, some phosphate of soda, traces of phosphate of lime, and 
oxide of iron, together with an animal substance. In sweat which had 
run from the forehead in drops, Berzelius [Chimie Animate, p. 324,) 
found lactic acid, a matter soluble in alcohol (osmazome), a small 
quantity of a substance insoluble in alcohol, a considerable quantity 
ofchloride of sodium, and muriate of ammonia. The fluid exhaled 
from the skin has been more recently examined by Anselmino. He 
placed his arm in a glass cylinder, and closed the opening around it 
with oiled silk, taking care that the arm touched the glass at no point. 
The cutaneous exhalation collected on the interior of the glass, and 


* Edwards, Influence des Agens Physiques sur la Vie. Dr. Hodgkin’s trans¬ 
lation, pp. 168 to 180. 

39 
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ran down as a fluid: on analysing this, he found in it acetate of am¬ 
monia and carbonic acid. The exhalation of carbonic acid by the 
skin had been previously observed by Abernethy and Mackenzie; 
while Priestley, Fourcroy, and Gordon failed to detect it in their ex¬ 
periments. [Meckel’s Jlrchiv. iii. p. 608.) Collard de Martigny 
[Magendie’s Journal x. 162,) detected in the cutaneous exhalation 
both carbonic acid and nitrogen in very variable proportions; they 
were not constantly present, but were exhaled in great abundance 
after muscular exertion, and after meals. Sometimes the nitrogen 
was exhaled alone, as happened in the experiments of Ingenhouss, 
Trousset, and Barruel. Sometimes the gas was almost wholly car¬ 
bonic acid, as had been observed by Milly, Cruikshank, Jurine, 
Abernethy, and Mackenzie. M. Collard states that the nitrogen was 
more abundant after the diet had consisted principally of animal 
substances; carbonic acid, when food of a vegetable nature had been 
taken. M. Collard has collected the gas evolved from the skin by 
placing over it a glass funnel, closed by a stopper above, and filled 
with distilled water, and hence infers that the carbonic acid is ex¬ 
haled in the gaseous form, since it is evolved without the contact of 
atmospheric air. 

Anselmino [Tiedemann’s Zeitschrift^iW. p. 321,) has given the 
following analysis of the fluid sweat:—In 100 parts of the dried 
residue there were, 

Matters insoluble in water and alcohol (chiefly calcareous salts) . . 2 

Animal matter soluble in water, and insoluble in alcohol (regarded by Ansel- 5 

mino, but in the opinion of Berzelius without sufficient reason, as salivary > 21 

matter), and salts of sulphuric acid . . * . . ^ 

Matters soluble in dilute alcohol (chloride of sodium and osmazome) . . 48 

Matters soluble in pure alcohol (osmazome, lactic acid, and its sails,—regarded by ( gg 

Anselmino as acetic acid and acetates) .... ^ 

100 

Berzelius mentions sal ammoniac and lactate of ammonia also as 
ingredients of the perspiration. 

In the ashes of the dried residue of the sweat, Anselmino found 
carbonate, sulphate, and phosphate of soda, and some potash, with 
chloride of sodium, phosphate and carbonate of lime, and traces of 
oxide of iron. 

In the sweat of the horse, which is known to deposit a white 
powder, Fourcroy found urea, but Anselmino could not detect it. 

Several parts of the body afford a perspiration with peculiar pro¬ 
perties, due perhaps to the secretion of the sebaceous follicles. Thus 
the perspiration of the axillie is ammoniacal, and that of the genital 
organs contains buiyric acid. Several animals, again, and many men, 
have a perspiration of a peculiar odour; in animals, however, this 
odour frequently arises from the products of special glands,—for ex¬ 
ample, of the anal glands. 

The purpose of the cutaneous exhalation is not elucidated by 
its analysis, for the matters met with in it are also constituents of the 
urine. Since, however, as Seguin’s experiments show, its quantity 
bears so close a relation to that of the food, and also to that of the 
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Other excretions, we can in some measure understand how its sudden 
suppression, by disturbing the normal composition of the circulating 
fluids and their distribution in the body, may give rise to great dis¬ 
order of the animal economy. The agency of the transpiration in 
preserving the body under the influence of high temperatures, has 
been already explained. (See page 81.) 

The cutaneous exhalation and sweat are true secretions; they are 
not the result of the mere evaporation of those ingredients of the 
blood which are capable of taking the form of vapour. This is 
proved by the fact that in some diseases the perspiration is quite 
arrested, although the temperature of the skin is elevated; such, for 
example, is the case in many febrile diseases in which the influence 
of the nerves on the skin is in a state of depression. Moreover, an 
especial relation exists between the cutaneous exhalation and the 
urinary secretion; it would appear, indeed, that the skin has the ofiice 
of separating from the blood those matters more particularly which, 
at the temperature of the body, take a gaseous form, while the 
kidneys remove from it the more liquid excreta. But there is an¬ 
other relation, that of alternation of action, between the skin and 
kidneys. When the urine is secreted in excessive quantity, as in 
diabetes, the skin is dry. In hot seasons and in warm climates the 
urinary secretion is less abundant, the cutaneous secretion more so; 
in winter the reverse is the case; and in diseases the same alternation 
of action is observed. But the cutaneous secretion is modified not 
only by its antagonism with other secretions, (see page 451,) but also 
by many other causes, of which some have their seat in the skin 
itself, others are dependent on its sympathy with other organs. With 
regard to the first kind of these causes, it may be remarked, that 
gentle stimulants applied to the skin itself,—for example, hot baths, 
—or acting on it through the medium of the blood,—as diaphoretics, 
—increase its secretion; but that if the irritation of the skin is raised 
to too great a degree, it becomes red and hot, afid its perspiration 
ceases,—the secretion of the skin, like that of most other parts, being 
also wholly arrested by inflammation. Hence extensive inflamma¬ 
tions of the skin, by-arresting its secretion, and thus disturbing the 
balance in the distribution of the circulating fluids, have a tendency 
to excite antagonistic actions of a morbid nature, such as inflamma¬ 
tions of the mucous membranes. Extensive burns have been ob¬ 
served to be followed by inflammation of the mucous membrane of 
the intestines or lungs; and in the exanthematous diseases, in which 
a morbid matter is excreted by the skin, the danger of the superven¬ 
tion of internal inflammation becomes more imminent, not merely 
in proportion to the suppression of the process by which the morbid 
matter is eliminated from the blood, but also in proportion to the 
violence of the inflammation by which the function of the skin is 
arrested. 

The action of the skin is very much modified likewise in accord¬ 
ance with the states of the nervous and vascular systems. 

In febrile affections the secretion of the skin and mucous mem¬ 
branes diminishes in proportion as the influence of the nervous sys- 
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tem in these parts is depressed. In other states that are not febrile, 
on the contrary, a sudden withdrawal of nervous energy, such as takes 
place in syncope and during the sway of depressing passions, gives 
rise to a profuse cold sweat. The conditions on which these great 
changes in the cutaneous secretion under certain circumstances 
depend, have not at present been submitted to a satisfactory physio¬ 
logical investigation. 

2. The Secretion of Urine. 

The urinary secretion is the means of carrying out of the system 
decomposed and effete animal matters, such as urea and uric acid,— 
the essential components of the urine,—superfluous saline matters, 
and, either in an altered state or in their original condition, foreign 
matters which have accidentally entered the circulation. 

The urine is an excretion met with through a great extent of the 
animal scale. Even insects secrete uric acid by the biliary or rather 
Malpighian vessels. Uric or lithic acid has indeed been found in 
entire insects; thus Robiquet [Annal. de Chimie, 76,) detected it in 
cantharides, and it has hence been inferred that this acid is distributed 
generally throughout their body. But, in analysing the entire body 
of an insect, the contents of the above-named vessels are necessarily 
included. There is a secretion of urine in the Mollusca likewise. 
Jacobson has detected uric acid in the secretion of the saccus cal- 
careus (I’organe de la viscosite, Cuvier) of snails, the efferent duct 
of which, running by the side of the rectum, terminates close to the 
anus. {Meckel’s flrchiv. vi. 370.) 

The urine. {After Berzelius^ Woehler, and Liebig.) The urine of 
the human subject is transparent, amber-coloured, and of an aroma¬ 
tic odour; and has a bitter taste, and a strong acid reaction. The 
urine of oxen, horses, rabbits, and several other herbivorous animals, 
is alkaline; though in some it is acid in the perfectly fresh state. The 
urine of herbivorous Mammalia is more turbid and often viscous, 
and undergoes decomposition less rapidly than the urine of Carni¬ 
vora. The specific gravity of human urine varies between 1-005 
and 1-030; in some diseases, particularly in diabetes, it is occasion¬ 
ally as high as 1-050. The urine occasionally becomes turbid in 
cooling, and deposits in such cases a grey or pale red sediment, which 
is redissolved when the fluid is heated. After exposure to the air 
for a few days, the urine acquires an ammoniacal odour and an alka¬ 
line reaction; and there forms on its surface a white slimy pellicle, 
in which, as well as on the inner surface of the vessel, small white 
crystals of phosphate of ammonia and magnesia show themselves. 
{Berzelius, Chimie Animale, p. 342.) 

a. Essential constituents of urine .—Besides the mucus of the 
urinary passages, which is rarely visible in the excretion, Berzelius 
enumerates the following as essential ingredients: 

Water. 933-00 

Urea, ........ 30-10 

Free lactic acid, lactate of ammonia, osmazome soluble in alcohol, > 17-14 

and extractive soluble in water, .... \ 

Lithic acid, ........ 100 
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Mucus of the bladder, 




. 0-32 

Sulphate of potash . 




3-71 

Sulphate uf soda. 




3-16 

Phosphate of soda, . 




. 2-94 

Biphosphate of ammonia, 




1-65 

Chloride of sodium. 




445 

Muriate of ammonia. 

Phosphate of lime and magnesia, . 




l-5() 




1-00 

Silica, .... 




0-03 

100000 


The quantity of urea and lithic acid secreted within a given time is, 
in the same individual, according to Lecanu, {Comptes Hendus, 
Juillet, 1839,) constantly the same; while the salts of the sulphuric, 
phosphoric, and muriatic acids are secreted in different quantities at 
different times in the same person. 

1. Urea .—This substance was discovered in the urine by Cruik- 
shank. It is procured by evaporating urine carefully to the consis¬ 
tence of honey, acting on the inspissated mass with four parts of 
alcohol, then evaporating the alcoholic solution, and purifying the 
residue by repeated solution in water or alcohol, and finally allowing 
it to crystallise.* The urea appears in the form of delicate silvery 
acicular crystals; of long, narrow, four-sided prisms; or, when in the 
impure state, of scales. It is colourless when pure; when impure, 
yellow or brown: is without smell, and of a cooling, nitre-like taste; 
has neither an acid nor an alkaline reaction, and deliquesces in a 
moist and -warm atmosphere. At 59° Fahr. urea requires for its 
solution less than its weight of water, and is dissolved in all propor¬ 
tions by boiling water; but it requires five times its weight of cold 
alcohol for its solution. It is not precipitated by tannin. At 248° 
Fahr. it melts without undergoing decomposition; at a still higher 
temperature ebullition takes place, and carbonate of ammonia sub¬ 
limes; the melting mass gradually acquires a pulpy consistence; and, 
if the heat is carefully regulated, leaves a gray-white powder, cyanic 
acid, which is likewise formed and sublimes when uric or lithic acid 
is submitted to dry distillation. Urea forms compounds with both 
acids and bases, without neutralising them. It is remarkable that 
the presence of urea causes sal ammoniac to crystallise from its solu¬ 
tions in cubes, in place of octohedrons; and muriate of soda to crys¬ 
tallise in octohedrons, in place of cubes. Nitric acid combines with 
urea, and precipitates it from its concentrated watery solution. Urea 
contains more nitrogen than any other animal product. Dr. Front 
found it to be constituted of 


Nitrogen, . 

46-65 

Carbon, 

Hydrogen, . 

19-97 

6-65 

Oxygen, 

26*65 


Woehler has discovered that urea may be formed artificially. (See 
page 15.) 

We owe to Prevost and Dumas the knowledge of the important 

♦ For an account of other methods of procuring it, consult Graelin’s Chimie, iv. 
1014, and Berzelius, loc. cit. p. 370. 


39 * 
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fact, that, after both kidneys have been extirpated, urea can be de¬ 
tected in the blood; whence it may be inferred, that the reason of 
this substance not being found, at least in large quantity, in the 
blood in the healthy state, is, that it is excreted from it as soon as 
formed. Their discovery has been confirmed by Vauquelin and 
Segalas, by Mitscherlich, and by Tiedemann and Grnelin.* 

The source of the urea—the organ from which it enters the circu¬ 
lation—is unknown. It can at present merely be asked, by way of 
conjecture, whether the urea may not be generated in the lungs 
during the chemical process which the blood undergoes in respira- 
ration, and by which higher organic compounds are formed. It 
may, however, be produced in other parts also during the conversion 
of the new nutrient materials into the proper components of the or¬ 
ganic fluids. The important question, whether the urea is formed in 
consequence of the decomposition of that animal matter only which 
has already been organised, or whether it is derived from the nutri¬ 
ment newly introduced into the blood, being in the latter case a 
useless product of digestion, has been already discussed. To deter¬ 
mine it, it would be necessary to keep animals without food, then to 
extirpate the kidneys, and to examine the blood to see if it contained 
urea. This experiment has been performed by M. Marchand. 

In several diseases the urine contains no urea; for instance, in 
hysterical attacks, in which the secretion becomes very watery. The 
organic matters are then wanting; so that the urine contains only the 
saline ingredients. In diabetes mellitus, the urine contains, in place 
of urea, sugar (the sugar of grapes), and the urea reappears in pro¬ 
portion as the quantity of the sugar diminishes. Here, then, an 
ordinary constituent of the urine, which contains so large a propor¬ 
tion of nitrogen, is replaced by a substance into the composition of 
which nitrogen does not enter at all; for the sugar of the urine is, 
according to Dr. Prout, constituted of 

Carbon . . • . 39.99 

Hydrogen . . . 6.66 

Oxygen .... 53.33 

It appears, however, from the experiments of Dr. Henry, Mr. 
Kane, and Mr. M‘Gregor,t that urea not only is present in diabetic 
urine, but exists in it in at least its natural quantity; and the obser¬ 
vations of the last-named gentleman tend more especially to show 
that the quantity of urea and that of the sugar in the urine in this 
disease are quite independent of each other. 

In diabetes insipidus, in which the urine contains no saccharine 
matter, the place of the urea is supplied by another substance, which 
is in great part soluble in alcohol, and agrees in its characters with 
osmazome. In anasarca, deficiency of urea in the urine is supplied 
in equal proportion by the presence of albumen, and the urine is then 

* Tiedemann’s Zeitschrift, v. 1. See also Nysten, Recherches de Chimie etde 
Physiol. Patliol. Paris, 1811, p. 263. Meckel’s Archiv. ii. 678. 

f See London Med. Gazette, vol. xx. pp. 221 and 268. See also Dr. Willis’s 
excellent treatise on Diabetes, in his work on Urinary Diseases. 
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coagulable by heat. This albuminous state of the urine is more es¬ 
pecially frequent in dropsy attending the degeneration of the kidneys, 
pointed out by Dr. Bright. According to Dr. Christison, no essential 
relation subsists between the quantity of albumen in the urine and 
that of the urea in this disease. On the other hand, Marchand 
{Muller^s Jlrchiv. 1837, p. 440,) and Dr. Christison have several 
times found urea in the fluid of dropsical swellings; and it has 
been detected by Dr. Bostock and Dr. Christison in the blood in the 
same disease. The presence of albumen in the urine, with deficiency 
of urea, has likewise been observed in cases of chronic inflammation 
of the liver with constant dyspepsia,^ as well as towards the termina¬ 
tion of all diseases producing emaciation. 

2. Uric or lithic acid .—We obtain lithic acid from the sediment 
of human urine, or from the urine of birds and serpents, by dissolving 
the secretion evaporated to dryness in warm water, filtering the solu¬ 
tion, and precipitating by means of muriatic acid. Lithic acid crys¬ 
tallises in the form of delicate, white,—or, when impure, yellow or 
brownish,—scales; it is devoid of taste and smell, reddens moistened 
litmus paper, and requires, according to Prout, more than 10,000 
times its weight of cold water for its solution, but somewhat less 
boiling water. It is insoluble in alcohol and ether. By dry distilla¬ 
tion it is decomposed; carbonate of ammonia being first sublimed, 
afterwards hydrocyanic acid in large quantity, and a brown ernpy- 
reumatic oil, and, lastly, a crystalline substance, cyanic acid, accord¬ 
ing to Woehler,t with which a quantity of urea is mixed. The 
elementary composition of lithic acid has been stated by Dr. Prout 
to be— 


Nitrogen, in his first analysis 

40.25 

in a later analysis 

31.12 

Carbon 

34.25 

39.87 

Hydrogen 

2.75 

. . 

2.22 

Oxygen 

22.75 

• 

26.77 


Urine, while warm, holds in solution much more lithic acid than 
an equal quantity of boiling water will dissolve, and this has induced 
Dr. Prout to think that in the urine the acid is in the state of lithate 
of ammonia. The lithic acid which is precipitated during the cool¬ 
ing of the urine is, however, in the free state. DuvernoyJ contends 
that it is held in solution in warm urine by means of the colouring 
matter. The precipitate of lithic acid is at first powdery and grey, 
but assumes by degrees a rose-red colour, and crystallises as it dries. 
The red or brickdust tint of lithic acid is due to a colouring matter 
which is combined with it: in intermittent fevers this red colour is 
unusually deep. Berzelius regards it as still very doubtful whether, 
or not, the red colour of the precipitate in the urine in fevers is de¬ 
pendent on the presence of purpurate of ammonia. 

Duvernoy detected no essential difli'erence between the deep- 

* Rose and Henry, in Meckel’s Archiv. ii. 642. Dr. Graves, Dublin Journal, 
vol. vi. 

t Poggendorrs Annal. xv. 529.—Berzelius’s Chimie Anim. p. 348. 

Untersuchungen iiber den Menschl. Urin. StuUg. 1835, 8. 
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coloured red urine and the urine of the crisis of fever, which deposits 
a sediment. Both have a stronger acid reaction, and a redder colour, 
and contain a larger quantity of lithic acid than natural. The criti¬ 
cal urine merely had a larger proportion of the acid, and deposited 
it more readily. 

Liebig and Woehler* have discovered that lithic acid contains urea 
in a peculiar state of combination; or, at all events, that by decom¬ 
position it yields urea, with several other products. Lithic acid 
brought to the consistence of a thin pulp with water, was heated 
nearly to the boiling point, and then superoxide of lead was added, 
which gave rise to the development of carbonic acid gas. The fluid 
separated from the mixture by filtration, yielded, on cooling, colour¬ 
less or yellowish, brilliant, hard crystals of allantoic acid, the sub¬ 
stance found in the fluid of the allantois of ruminants. The super¬ 
natant liquid being poured off, evaporated, and again cooled, crystals 
of urea formed in it. The superoxide of lead was converted into a 
white mass, consisting of oxalate of lead. The products of this 
decomposition, then, are allantoic acid, or rather, since it is not an 
acid, allantoin, urea, oxalic acid, and carbonic acid. Allantoin is 
composed of; 


Carbon. 30.66 or 4 atoms 

Nitrogen . 35.50 4 

Hydrogen.3.85 6 

Oxygen ........ 30.08 3 


It may therefore be regarded as a compound of four atoms of 
cyanogen, with three atoms of water. Its elements require three 
atoms of water to give it the composition of oxalate of ammonia, 
into which it is converted by the action of alkalies and sulphuric 
acid. If now we admit, with Liebig and Woehler, that the urea 
pre-existed in the lithic acid, by substracting from 

Carbon. Nitrogen. Hydrogen. Oxygen. 

1 atom lithic acid .... 10 8 8 6 

1 atom urea. 3 4 8 2 

we shall have as remainder . . 8 4 0 4 

which are the elements of four atoms of cyanogen, and four atoms 
of carbonic oxide. These chemists therefore regard lithic acid as a 
compound of urea with a substance composed of cyanogen and car¬ 
bonic oxide, which in the above process is converted by the action 
of the superoxide of lead into oxalic acid and allantoin. 

The urine of many animals differs from that of the human subject 
in respect of the quantity of the urea and lithic acid. The urine of 
carnivorous Mammalia contains both urea and lithic acid. Vau- 
qiielin and Boindet (Froriep^s Notiz. No. 272,) have denied that it 
contains any lithic acid, but Hieronymi [Jahrb, der Chem. u. Phys. 
1829, iii. 322,) obtained some of this acid from urine of the feline 
tribe. In 100 parts of urine he found 13.220 parts of urea, with 

* Poggendorf’s Annal. p, 41, 561; and the British Annals of Medicine for Sept. 
16, 1837. 
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osmazome, and free lactic acid, and 0.022 parts of lithic acid. The 
urine of herbivorous animals contains urea, but no lithic acid; the 
place of which, in the urine of graminivorous animals, is supplied 
by hippuric acid, forming hippurates. The urine of birds contains 
abundance of superlithate of ammonia; that of carnivorous birds is 
said by Coindet to contain urea, which does not exist in the urine of 
birds which feed on vegetable substances, although the superlithate 
of ammonia exists in the latter also. Lithic acid constitutes of 
the weight of the urine of the ostrich. The consistent, pulpy, urinary 
secretion of birds owes its white colour to the presence of lithate of 
ammonia. It appears, that the presence or absence of urea and 
lithic acid (of which the former contains 46, the latter 40 per cent, 
of nitrogen) stands in no constant relation to the nature of the food 
of the animal. The only fact bearing on the point is, that in herbi¬ 
vorous Mammalia the lithic acid is replaced by hippuric acid, which 
contains only 7 per cent, of nitrogen. It is stated likewise by Chev- 
reiil, that when dogs are kept for a long period on vegetable food, 
their urine becomes like that of Herbivora, in ceasing to contain any 
lithic acid or phosphate of lime. [Huenefeld, Physiol. Chimie, i. 
150.) 

In gout the urine is usually very acid, and deposits an abundant 
sediment, and also contains a greater proportion of lithic acid than 
in any other disease; although during the febrile state which ac¬ 
companies the paroxysms of gout, as in other cases of fever, the 
urine is deficient in that acid. [Berzelius, Chimie Jinim. p. 404. 
See also Nysten, loc. cit.) The abundance of lithic acid in gouty 
habits, however, is likewise shown by the concretions which form in 
the joints, and which consist of lithate of soda, with some lithate of 
lime. It is not improbable that the perspiration likewise of patients 
labouring under gouty and calculous diseases contains lithic acid. 

All the foregoing circumstances render it very probable that the 
source of the lithic acid lies much deeper than the point of its excre¬ 
tion, and that its production is intimately connected with the nature 
of the food, and with the process of sanguification, since its propor¬ 
tion in the urine diminishes when the food consists wholly of vege¬ 
table substances. 

In diabetes mellitus, lithic acid is still present in the urine, ( Woeh- 
ler, Berzeliuses Jahresb. vi. 283,) and, according to M. Wittstock, 
hippuric acid also. 

3. Hippuric acid is met with in the urine of young children (?), 
and of graminivorous animals, in the state of hippurate of soda. It 
is procured by evaporating the urine, and precipitating by muriatic 
acid; it forms long, transparent, four-sided prisms, is without taste, 
or is but slightly bitter, and reddens moistened litmus paper. Gmelin 
has classed it as a modification of benzoic acid among the substances 
which contain no nitrogen; but Liebig regards it as a peculiar acid, 
and not as a mere compound of benzoic acid with animal matter; 
and, since it gives out ammonia when decomposed, it must contain 
nitrogen. It is difficult of solution in cold water, more soluble in 
boiling water; alcohol dissolves it in much greater proportion, ether 
in less. Its composition, according to Liebig, is. 
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Carbon, . . . . 63.032 

Hydrogen, .... 5.000 

Nitrogen, .... 7.337 

Oxygen, .... 24.631 

4. Lactic acid is, according to Berzelius, a general product of the 
spontaneous decomposition of animal matters within the body; it is 
generated in large quantity in the muscles, is saturated by the blood 
and its alkali, and is carried out of the system in the acid urine of 
man and animals. It is the principal cause of the acidity of the 
urine, although this secretion contains likewise superphosphates of 
ammonia and lime. 

5. Salts of the urine. —The secretion of the human kidney con¬ 
tains both sulphates and phosphates. Berzelius supposes that the 
acids in these salts are the product of the chemical action of the 
kidneys, because in the other fluids of the body there are merely 
traces of sulphates, and but a small quantity of phosphates, while 
the urine abounds with both; but his reasons do not justify the con¬ 
clusion which he draws. Berzelius imagines that the sulphur which 
enters into the composition of the fibrin, albumen, &c. is converted 
in the kidneys into sulphuric acid, while the other elements unite to 
form ammonia, urea, &c. He holds the same opinion with regard to 
the phosphorus which exists in several of the solids of the body. In 
the urine of herbivorous animals the place of the phosphates is sup¬ 
plied by salts of carbonic acid. The experiments of Berzelius and 
Woehler prove that the urine does not constantly hold carbonic acid 
gas in solution. The silicic acid seems to be derived from the water 
taken as drink. The bases of the salts of the urine are potash, soda, 
ammonia, lime, and magnesia; the salts are chloride of potassium, 
muriate of ammonia, phosphate of lime (a supersalt, while the phos¬ 
phate of the bones is a subsalt), and a small quantity of fluate of 
lime.*^ 

Nysten [Loc. cit. and MeckeVs Archiv. ii. 648,) has investigated 
the differences between the urine secreted subsequently to the^diges- 
tion of food,—“ urinachyli,”—and the limpid, tasteless urine secreted 
after fluids have been taken,—the “ urina potus;” the latter he finds 
to contain thirteen times less urea than the former, four times less of 
the sulphates, muriates, and phosphates of soda and ammonia, and 
sixteen times less lithic acid. Urine secreted during the existence of 
inflammation (peritonitis) contained three times more urea than the 
urina chyli, more of the soluble salts, and a large quantity of albu¬ 
men, which is not a constituent of healthy urine. In the cold stage 
of fever the exhalation from the skin is diminished, and the urine 

* For a more detailed account of the saline substances in the urine, as well as 
of its doubtful constituents, and the extractive matter soluble in pure alcohol, see 
the Chimie Animale of Berzelius. The variations in the proportion of the solid 
constituents of the urine dependent on the food have been investigated, without 
reference to their chemical nature, by Chossat. (Magendie’s Journal, v. 65— 
225.) On the subject of the urine and its secretion consult Meckel’s Archiv. ii. 
629—704, where the observations of different authors are collected; and Dr. 
Prout’s work on Diseases of the Urinary Organs; also Dr. Willis’s work already 
referred to, Arner. edit. 
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becomes more watery; but this does not arise, Berzelius thinks, from 
the water which ought to pass off by the skin being now got rid of 
through the kidneys, for the actual quantity of the urine itself is less 
at this time. In the hot stage, the colour of the urine becomes 
darker; and the chloride of silver, which produces no precipitate as 
long as the urine preserves its acid reaction, now throws down a 
sediment. As the fever advances, the urine becomes more saturated, 
and begins to afford a precipitate with alum, and at last with nitric 
acid, showing an increase in the quantity of albumen which it con¬ 
tains. [Berzeliuses Chimie ^nimale^ p. 402.) As the fever de¬ 
clines, the free acid reappears in the urine, which at the same time 
deposits a sediment in cooling, and this is usually denominated a 
crisis by the urine. According to the observation of Duvernoy, 
however, the urine is acid during the whole course of the fever. 
Berzelius remarks, that the sediment of the crisis of fever is nothing 
more than the ordinary sediment, with a rather larger quantity of the 
red colouring matter, and sometimes some nitric acid in an unknown 
state of combination. In fevers of a periodical type the urine in 
each paroxysm passes through the three states just described. 

h. tMccidental constituents of the urine. —Woehler ( Tiedemannes 
Zeitschi'ift, i. Band,) has performed a series of careful experiments 
relative to the passage of substances from the intestinal canal into 
the urine. The following are the results which he obtained: 

1. Matters which, when taken into the stomach, cannot afterwards 
be detected in the urine: iron, lead, alcohol, sulphuric ether, camphor, 
oil of Dippel, musk, and the colouring matters of cochineal, litmus, 
sap-green, and anchusa root. After ffuids impregnated with carbonic 
acid have been drunk, this gas cannot be detected in the urine in 
larger quantity than before. 

2. Matters which pass off by the kidneys after suffering change 
or decomposition: ferrocyanuret of potassium or prussiate of the 
peroxide of iron and potash (blausaures eisenoxydkali), converted 
into a compound of the same elements with a less proportion of 
cyanogen, or prussiate of the protoxide of iron and potash (blau¬ 
saures eisenoxydulkali); the compounds of potash and soda with the 
tartaric, citric, malic, and acetic acids changed into carbonates; the 
hydrosulphuret of potassium for the most part converted into sul¬ 
phate of potash; sulphur in the state of sulphuric acid, and sul¬ 
phuretted hydrogen; iodine in the state of a hydriodate; and the 
oxalic, vinic, gallic, succinic, and benzoic acids in combination with 
alkalies. Hence the inutility of giving acids as remedies for cal¬ 
culous disorders. 

3. Matters which pass unchanged into the urine: carbonate, 
chlorate, nitrate, and sulphocyanate of potash, hydrosulphuret of 
potassium (which is in greater part decomposed), ferrocyanuret of 
potassium with the smaller proportion of cyanogen or prussiate of 
the protoxide of iron and potash (blausaures eisenoxydulkali), 
borax, muriate of baryta, silicate of potash, tartrate of nickel and 
potash, and many colouring matters, such as those of soluble indigo, 
or sulphate of indigo, gamboge, rhubarb, madder, logwood, red 
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beet, wliortleberries, mulberries, cherries; many odoriferous matters 
also, in part changed, such as oil of turpentine (producing the odour 
of violets in the urine), the odorous principles of juniper, valerian, 
assafcElida, garlic, castor, saffron, opium, the intoxicating principle of 
the agaricus, muscarius, and, in the state of disease, fatty oil. 

All substances excreted with the urine must be in solution, they 
cannot be in the state of granules.* 

The matters which do not pass off with the urine are either elimi¬ 
nated from the system in other ways,—for instance, by exhalation 
from'the surface, as is the case with camphor,—or reduced to an 
insoluble condition in the intestinal canal itself. Woehler directs 
attention to the fact, that the salts which are excreted with the urine 
generally increase the action of the kidneys. Many other medicines 
which are called diuretics, such as digitalis, are, he observes, termed 
so incorrectly; thus the action of digitalis consists in the removal of 
the cause of dropsy, the fluid being then carried off in the usual 
way; so that it is not more a diuretic than quinine given for the 
relief of the dropsies which are produced by intermittent fever. 

The office of the kidneys, according to Woehler’s researches, does 
not merely consist in the excretion of urea and lithic acid; but that 
all soluble and other matters which are not gasiform and do not 
suffer decomposition in the system, and more especially the super¬ 
fluous water, are got rid of by means of them. If the excretion of 
water by the kidneys is lessened on account of that fluid being de¬ 
posited in other parts of the body, as in dropsy, the urine acquires a 
deeper colour, which indicates merely that less water is excreted. 

The carbonates of the alkalies taken by the mouth render the 
urine alkaline, and dissolve the lithic acid; their exhibition is a tole¬ 
rably certain means of counteracting the lithic acid diathesis; the 
vegetable acids and their salts with the alkalies, being converted 
into alkaline carbonates in their passage through the body, they may 
likewise be used with effect for the same purpose. This plan of 
treatment is, however, only applicable in cases of gravel, or when 
the calculi are small; for when there are large stones in the bladder, 
an alkaline state of the urine renders the earthy phosphates insoluble, 
and may cause them to be deposited as a new crust around the 
original calculus. {Woehler, loc. cit. p. 317.) 

The excretion of superfluous water from the blood by the kid¬ 
neys appears to take place with extreme rapidity, nearly keeping 
pace with the absorption of watery fluids from the other parts of 
the body into the blood, which is thus enabled to maintain its normal 
composition. 

The time occupied by the transit of different substances from the 
intestines into the blood, and thence into the urinary secretion, has 
been mentioned at page 255. VVestrumb detected prus.siate of potash 
in the urine within a period varying from two to ten minutes from 
the time of its introduction into the stomach. Stehberger (TYei/e- 

* I have already expressed my disbelief in pus being separated from the blood 
by secretion from the kidneys. 
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mannas Zeitschrift, ii. 47)has instituted experiments with reference 
to this question in a boy, who had inversio vesicae. Tiie following 
are the results:— 



Time at which 

Time at which it 

Time at which 

Namt of Substance. 

first detected 

was excreted in 

it ceased to be 


in the urine. 

greatest quantity. 

perceptible. 

Madder after the lapse of 

. 15 min. . 

. 1 hour . 

. 0 hours. 

Indigo. 

. 15 

. . n . . 

. 4J 

Rhubarb . . . • 

20 

. u 

• H 

Gallic acid .... 

. 20 

. . 2| . . 

. n 

Decoction of logwood . . 

25 

. H 

• 6# 

Colg principle of whortleberries 

. 30 

.2 . . 

. hi 

“ “ black cherries 

45 

. li 


Astringent principle of uva ursi 

. 45 

. . 1# . . 

• H 

Pulp of cassia fistula 

55 

4 

. 24 

Ferrocyanuret of potassium 

. 60 

.0 . . 

• H 

Inspissated juice of elder 

75 




The urine collects in the urinary bladder, the sphincter of which, 
like that of the anus, is ordinarily in a state of contraction. When 
the quantity of the urine has increased to a certain degree, the 
action of the sphincter becomes feeble, and contractions of the 
fundus of the bladder take place. The expulsion of urine may, 
however, be opposed at will by means of the musculus pubo- 
urethralis, (Wilson’s muscle,) and perhaps likewise by a voluntarily 
increased contraction of the sphincter. The voluntary expulsion of 
the urine is effected by the simultaneous action of the diaphragm 
and abdominal muscles, which diminishes the capacity of the ab¬ 
dominal cavity. The contractions of the urinary bladder are not 
always subject to the will; but, nevertheless, when the bladder is 
affected by the gradually increased stimulus of the accumulated 
urine, we seem to acquire some voluntary influence over it.—Erec¬ 
tion, and the act of expulsion of the urine, are here excluded from 
consideration. Paralysis of the lower part of the spinal cord is 
attended with incontinence of urine. 


SECTION IV. 

OP NUTRITION ANU GROWTH. 

CHAPTER I. 

Of Nutrition. 

a. Of the nutritive process .—The process of nutrition is not an 
object of microscopic observation. The arrest of red particles of 
the blood in the capillaries, and their union with the substance of 
the part, described by Doellinger and Dutrochet, I have never 
seen; and the theory, that nutrition is effected by the direct union of 
the red particles of the blood, or of their nuclei, with the tissues, is, 
in my opinion, decidedly erroneous. The perfection at which micro- 
40 
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metry has arrived, and the use of good instruments, have made us 
now so well acquainted with the physical properties of the organic 
tissues, that we are enabled to refute the above theory, by merely 
comparing with precision the size of different parts. 

Microscopic examinations, if intended to serve as the basis for 
scientific researches and comparisons, must not consist merely in the 
direct measurement of each object; a much more important and 
essential mode of investigation is the comparison of the object to be 
measured with some other body that can be taken as a standard. 
Thus, for instance, in measuring the size of the muscular or nervous 
fibrils, they should be placed under the microscope, together with 
red particles of human blood, and both should then be observed at 
the same time. The admeasurements of the red particles of human 
blood, as stated by Kater, Wollaston, Prevost and Dumas, Weber, 
Wagner, and myself, agree so nearly, that their diameter may with 
great certainty be stated at of inch English. We have thus 
a certain standard of measurement. As standards of comparison, I 
employ the red particles of human blood, easily obtained by slightly 
scratching the skin, those of frog’s blood which are about four times 
larger in diameter, and the nuclei of these latter bodies, obtained 
by the action of acetic acid, which measure about ith or id the 
long diameter of the entire red particle. We have already seen, (at 
pages 20-21,) that the ultimate fibres of muscles and nerves do not 
correspond in size either with the red particles or their nuclei. 
Moreover, the nuclei of the red particles of the frog’s blood are 
not globular but elliptic in form, and those of the red particles of 
the salamander’s blood are even flattened. How, then, can they 
compose the ultimate fibres of nerves and muscles? We shall see 
that the form of these tissues affords no grounds for such an opinion. 
And the recent observations of Schwann and others, on the mode 
of growth of all the elementary parts of the body, prove it to be 
incorrect. 

The most minute capillary vessels do not ramify upon the primi¬ 
tive fibrils of nerves and muscles; these fibrils are too fine to receive 
vessels, and are, in fact, more minute than the capillary vessels them¬ 
selves, which measure from to of an English inch in dia¬ 
meter. Nutrition, therefore, must be effected through the coats of the 
capillary vessels, and the process consists in the fluid parts of the 
blood permeating the parietes of the capillaries, while the solid par¬ 
ticles are visibly carried onwards into the veins. The most important 
materials for nutrition are the albumen and fibrin dissolved in the 
liquor sanguinis. A portion of these matters permeate the parietes 
of the capillaries, and are imbibed by the tissues; and what is effused 
over and above the quantity required for their nutrition, is taken up 
by the absorbent vessels, and carried again into the blood. It is 
here of importance to know that the capillaries really have solid 
parietes; the proofs of which were seated at page 224. Nothing 
can pass from the blood to the tissues, or from the tissue to the blood, 
without permeating, in the fluid state, the walls of these vessels. 
The hypothesis of the blood flowing in simple canals excavated in 
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the substance of the organs, appears at first sight calculated more 
easily to explain the problem of nutrition, but is found on examina¬ 
tion to be untenable. The permeable parietes of the capillaries are, 
in fact, no impediment to the process of nutrition, which appears to 
consist in matters dissolved in the blood being attracted from it by 
the organic particles contained in the meshes of the capillaries, while 
at the same time the old materials of the particles are returned into 
it. Wildbrand certainly did not employ the microscope when he 
formed his hypothesis of the metamorphosis of the blood in the small 
vessels. 

It is not known whether the parts which appear to contain colour¬ 
ing matter, as, for instance, the muscles, derive it from the blood by 
the solution of a part of the colouring envelope of the red particles, 
or whether this matter, which becomes still more highly coloured by 
the action of the atmosphere, is formed in the muscles themselves. 
But, however this may be, the red particles themselves do not unite 
in substance with the tissues. They certainly perform some very 
important office in the animal economy. In their passage through 
the lungs they acquire the bright arterial colour, and in tlieir subse¬ 
quent transit through the capillaries of the body a reciprocal action 
takes place between them and the component particles of the organs, 
by which they lose this bright colour, becoming again of a dark red; 
but they still move on in a continuous current, exerting their influ¬ 
ence on the tissues in their transit through them, without being ar¬ 
rested by them. In each circuit of the blood, which occupies less 
than three minutes, they undergo two changes of colour; one from 
dark red to bright scarlet in the lungs, and another from scarlet 
to dark red in the capillaries of the body. In twenty-four hours 
each of these changes takes place about 480 times. In their arte- 
rialised condition the red particles exert on the organs of the body, 
and especially on the nerves, a stimulating action, which is essen¬ 
tial to life, but which is a very different thing from contributing new 
nutritive matter. Dutrochet believed that the red particles have 
peculiar electric properties, an opinion which we have elsewhere 
refuted. Tlie colourless “ lymph globules” which are seen rolling 
slowly along the inner surface of the capillary vessels, may possibly 
serve some purpose in the process of nutrition. Prof. E. H. Weber 
has observed, that under certain circumstances the red particles of 
the blood circulating in the capillaries of the frog or tadpole attach 
themselves to the sides of the vessels, lose their red colour, and then 
roll along the inner surface of the capillaries in the form of colour¬ 
less lymph globules. 

In the process of nutrition is exemplified the fundamental princi¬ 
ple of the organic assimilation. Each elementary particle of an 
organ attracts similar particles from the blood; and, by the changes 
it produces, causes them to participate in the vital principle of the 
organ itself Nerves form nervous substance, muscles muscular 
substance, even morbid structures have the assimilating power;— 
warts on the skin grow with their own peculiar structure; in an 
ulcer the base and border are nourished in a way conformable to the 
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mode of action and secretion determined by the disease; and the 
assimilation of the nutrient materials of the blood to form an organ 
with diseased action may induce the destruction of the life of the 
animal. 

The proximate elements of the tissues exist in part ready formed 
in the blood. The albumen which enters into the composition of the 
brain and glands, and of many other structures in a more or less 
modified state, is contained in the blood; the fibrin of the muscles 
and muscular structures is the coagulable matter dissolved in the 
lymph and blood; the fatty matter which contains no azote, exists 
in the free state in the chyle; the azotised and phosphoretted fatty 
matter of the brain and nerves exists in the blood combined with the 
fibrin, albumen, and cruorin. The iron of the hair, pigmentura 
nigrum, and crystalline lens, is also contained in the blood; the silica 
and manganese of the hair, and the fluor calcium of the bones and 
of the teeth, have not hitherto been detected in the blood, probably 
from their existing in it in too small proportion. The matters here 
enumerated are in part attracted from the blood in the state in which 
they afterwards exist in the organs; while in other instances their 
ultimate elements are newly combined, so as to form new proximate 
principles. The opinion that all the component elements of the 
organs exist previously in the blood in their perfect state, cannot 
possibly be adopted: the components of most tissues in fact present, 
besides many modifications of fibrin, albumen, fat, and osmazome, 
other perfectly peculiar matters, such as the gelatine of the bones, 
tendons, and cartilages,—nothing analogous to which is contained in 
the blood. The substance of the vascular tissue, and the different 
glandular substances, cannot be referred to any of the simple com¬ 
ponents of the blood. Even the fibrin of muscle cannot be consi¬ 
dered as exactly identical with the fibrin of the liquor sanguinis. 
For between coagulated fibrin and coagulated albumen there is 
scarcely any chemical difference, except in their action on peroxide 
of hydrogen; and the only very important distinction between the 
fibrin dissolved in the blood and the albumen is, that the former 
coagulates as soon as it is withdrawn from the animal body, while 
the latter does not coagulate spontaneously, but requires a heat of 
from 158° to 167° Fahr., or some chemical agents, such as acids, 
concentrated solutions of fixed alkali, or metallic salts; while the 
fibrin of muscle has in its chemical characters scarcely a greater 
analogy with coagulated fibrin than with coagulated albumen, and 
in its vital properties differs from both. The comparison of nervous 
substance, again, with albumen and fatty matter containing nitrogen 
and phosphorus, is only justified by the present imperfect state of 
organic chemistry. 

Assimilation, then, does not consist merely in the component par¬ 
ticles of the organs attracting the fibrin, albumen, and other materials 
of the blood which flows through them, adding to themselves the 
matters similar to their own proximate principles, and changing the 
composition of those which are dissimilar; but the assimilating 
particles must infuse into those newly assimilated their own vital 
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properties. Organs may increase in size, independently of assimi¬ 
lation; thus, in inflammation, the albumen and fibrin of the blood 
accumulate, iinassimilated, between the particles of the tissues; and 
this sufficiently marks the distinction between inflammation and 
hypertrophy, or increased nutrition. In the pregnant state, the con¬ 
tractile tissue of the uterus increases in bulk by the addition of real 
contractile particles, duly assimilated to the original tissue, but in 
inflammation of the uterus nothing of this kind is observed. In in¬ 
flammation the assimilating power is arrested, the fibrinous fluid of 
the blood exudes through the membranes, or collects in the interstices 
of the tissue of the organs: and this matter, therefore, which increases 
the volume of the inflamed organ is the same, whatever the organ 
may be; while in the process of nutrition, the components of the 
blood assimilated by the different tissues are, in each case, differently 
modified and changed. Inflammation, consequently, is not an in¬ 
creased degree of the plastic or nutritive process. From these con¬ 
siderations, too, it is easy to understand why a stimulus which 
promotes the action of an organ, is very different from one which 
excites inflammation. As an argument supporting the incorrect 
opinion that inflammation is an exaggeration of the nutritive process, 
it has been urged, that, during the continuance of inflammation in a 
wound, new substance is formed. But the formation of new orga¬ 
nised substance in this case is due to the action of the vis medicatrix; 
while the surface of the wound being subject to constant irritation 
until cicatrisation is perfected, necessarily continues to be affected 
with inflammation. In inflammation, as well as in simple hyper¬ 
trophy, the matter effused by the vessels becomes to a certain extent 
organised. Nucleated globules or cells, which have been called 
“ exudation-corpuscules,’^ soon appear in it. These cells may 
undergo no further transformation, and, with the fluid in which they 
are contained, may constitute pus, or they may become converted 
into bundles of fibres in the same manner that the fibres of cellular 
tissue are normally developed from cells. But the tissue which is 
thus produced appears to be always the same, in whatever structure 
or organ the inflammation may be seated. Its formation is the cause 
of the enlargement and induration of organs which have been in¬ 
flamed; and the tissue of cicatrices is of the same nature. In parts 
which are undergoing hypertrophy, on the other hand, though the 
nutritive matter effused assumes first the form of nucleated cells, 
each tissue exerts a different assimilating influence on it, and causes 
the transformation of the cells into tissue of its own kind, and not 
into mere fibrous or cellular tissue. 

There are several substances which are known to diminish the 
activity of the assimilating process, by effecting a change in the com¬ 
position either of the organ or of the blood. Iodine, for example, 
when its use is long continued, has a remarkable effect in dimin¬ 
ishing nutrition. The neutral salts, mercurial medicines, tartarised 
antimony, and other substances, have the same effect on the system. 
The immediate action of these substances is partly to produce a 
change in the blood, as is evident in the case of the cooling salts, 

40* 
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which when added to the blood, even out of the body, deprive it of 
its property of coagulating, of course by a change produced in the 
fibrin; and it is on this account that these substances are of import¬ 
ance in checkifig inflammation. 

The circulating fluids—the chyle and blood, sometimes acquire an 
abnormal composition, either from the new nutrient matters from 
which they are formed not having their natural healthy composition, 
or in consequence of the operation of an inoculated virus, as that of 
syphilis. In all these cases, in which the circulating fluids are dis¬ 
eased, nutrition also suffers. Depositions of morbid matter, inflam¬ 
mations, and sores, occur, as in scrofula, gout, lepra, herpes, scurvy, 
syphilis, &c. All the diseases here enumerated, although very dif¬ 
ferent in themselves, have the common character of manifesting 
themselves by the secretion of morbid matters on the skin, by erup¬ 
tions and sores of the surface, frequently by ulcers of the mucous 
membranes, and in extreme degrees by morbid affections of the bones. 
Several medicines which themselves have the power of modifying 
the assimilating process, (see the observations on alteratives, p. 68,) 
and which, when long used, also produce ulcers and diseases of the 
bones,—mercury and antimony, for instance,—are sometimes of 
service in such diseases, not on the principle that similia similibus 
curantur, but because they produce such an alteration in the com¬ 
position of the tissues, that the affinities already existing are annulled 
and new ones induced, so as to enable the vital principle—the power 
which determines the constant reproduction of all parts in conformity 
with the original type of the individual—to effect the further resto¬ 
ration and cure: the medicines themselves do not complete the cure. 
In several of the diseases in which the fluids of the body are in a 
morbid condition, the lymphatic system—the absorbent vessels and 
glands—is likewise particularly liable to suffer. Regarding this sys¬ 
tem in the ordinary way as merely intended for absorption, it is 
difficult to understand why it should be implicated in many of these 
diseases, particularly in scrofula. But when it is known that the 
lymph is almost identical with the liquor sanguinis, both containing 
fibrin and albumen in solution, and that the lymphatics remove from 
the tissues that portion of the liquor sanguinis etfused into them for 
the purpose of nutrition, which exceeds the quantity necessary for 
this object, while, moreover, they have a great share in the conver¬ 
sion of the albumen into fibrin, it is easy to conceive that a change 
in the composition of the liquor sanguinis, causing irritation and 
inflammation in the capillaries, must also excite irritation in the 
lymphatics,—the fluid which circulates in them being the same. All 
the other substances contained in solution in the blood, besides the 
albumen and fibrin,—the salts, for example,—and their morbid com¬ 
position, must also have great inflnence on the state of the lym¬ 
phatics. When it is not so much the fluid ingredients of the blood 
that are morbidly changed, as the cruor or red particles, which do 
not enter the lymphatic vessels, as, for example, in scurvy, these 
vessels and their glands present less evident appearances of disease. 
The foregoing remarks are sufficient to sliow that the future study of 
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the morbid states of the fluids of the body will find a surer basis in 
the analysis of the lymph and blood which we have offered, than in 
the older notions regarding these fluids. 

The nutrition of all parts of the body in conformity with the origi¬ 
nal type, presupposes the persistence of that power which originally 
produced all the distinct parts—all the organs—as “ members of one 
whole,” as parts necessary to our idea of the being, and which is 
present in the germ before any distinct organs are formed, while the 
animal exists merely “potentially.” (See page 31.) Nutrition, then, 
is the continued reproduction, as it were, of all parts of the animal 
by this internal power: but in the adult the reproduction can be 
effected only by the process of assimilation, that is, by the union of 
new matter with the assimilating parts; while in the embryo, in 
which no organised “groundwork” as yet exists, the parts are 
formed—their “groundwork” is in fact created—by the formative 
power which is still undivided. For although, until the whole body 
perishes, all the organs are directed by one formative principle, 
which produces the concurrent action of all assimilating tissues; and 
the operation of which we admire, as the vis medicatrix nalurse, \w 
the correction of the subtle material changes which are induced by 
diseases; yet organised parts of the body once formed cannot in most 
cases, if wholly destroyed, be again restored by this power. 

In some diseases there is such a morbid formation of the animal 
matter, that the assimilation of the fluids to form the natural elemen¬ 
tary tissues of organs is in certain parts of the body wholly arrested; 
and, on account of the predominance of abnormal affinities, non- 
analogous tissues, such as cancer and medullary fungus, are formed. 
Life is attended with a constant change of the material of the 
body. —This is proved by new nutriment being required in propor¬ 
tion to the quantity of the excretions. The question, however, pre¬ 
sents itself—Do the components of the fluids merely undergo this 
change, or are the particles of the organised tissues also renewed? 

1. Renewal of the material of the fluids. —It is most natural to 
suppose that the change of material takes place primarily in the fluids 
of the body, and that the fluids only are implicated in the change by 
which several pounds of nutriment are received daily in place of 
several pounds of decomposed matters, which are expelled in the 
cutaneous transpiration, in respiration, with the urine, and other ex¬ 
cretions, and that the solids themselves have little share in it. The 
fluids, while they maintain the life of the body, are constantly under¬ 
going decomposition, and in this respect the animal machine might 
be compared with other machines,—for example, with the steam- 
engine, which requires a certain quantity of fuel for the generation 
of the steam, on which its action depends. There is no doubt that 
the change of material takes place to the greatest extent in the fluids; 
it is, indeed, sufficiently proved by the fact that the excretion of urine 
takes place at very long intervals in reptiles—tortoises, for instance 
—which are kept without food. It may be supposed that the partial 
decomposition which the fluids suffer in the performance of their 
function of supporting life, renders necessary the excretion of the 
decomposed matters, and the supply of new nutriment. 
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2. llenewal of the material of the organised solids .—There are 
many phenomena which it appears difficult to reconcile with the 
idea of the renewal of the animal matter in the organised solids; 
for example, the preservation of past ideas, which are the result of 
certain impressions made upon the sensorium. Organic change of 
the sensorium produces change or diminution in number of the im¬ 
pressions previously accumulated, and annuls the faculty of recalling 
single chains of ideas, such as, for example, the memory of the 
structure of languages, and, as it appears, even of particular parts 
of speech,—substantives, proper names, &c.,—the remembrance of 
certain places, and of certain periods of past life. How, now, can 
the existence of memory,—the intellectual life of man,—as a state 
resulting from past development, be imagined, if a great change in 
the materials composing the brain and nerves is admitted to take 
place? This difficulty, however, is got rid of, if we suppose the 
operations of the mind to be independent of changes in the cerebral 
substance. On the other hand, we are certainly destitute of proofs 
that any rapid change of material takes place in the brain.* 

In most parts, the nerves excepted, there are many unequivocal 
signs of the change of material; and the bones themselves, which 
at first sight appear the most fixed and stable parts of the body, 
nevertheless exhibit such distinct traces of renewal of their material, 
as seem to prove that this process is not limited to the fluids of the 
body, but is a phenomenon which prevails extensively even in the 
organised solids. Among the evidences of the renewal of the ma¬ 
terial of bones are the formation of the cells, the development of the 
frontal and sphenoidal sinuses in childhood, the absorption of bones 
under the pressure of swellings, the absorption of the alveoli of the 
jaws, and the thinning of the cranial bones in old age, &c. The 
enlargement of the cavities of the bone, with enlargement of the 
whole bone itself, and indeed the mere growth of so solid a body by 
interstitial assimilation, and the changes that its form undergoes 
during growth, are not conceivable without a constant removal of 
osseous particles from certain parts, and the deposition of similar 
particles at other parts,—consequently not without a change of ma¬ 
terial. In other parts of the body the proofs of the renewal of the 
substance are less evident. Such proofs, however, are found in the 
constant decomposition on the surface of a fungoid growth, such as 

* The large supply of blood which the brain receives, however, renders it very 
probable that its component matter does undergo a rapid change. The quantity 
of blood sent to any part of the body seems to be proportioned to the activity of 
the organic chemical changes, of which it is the seat; and, where neither secre¬ 
tion nor the formation of new substance is taking place, we must suppose the 
supply of nutritive fluid to be destined to replace, by new material, the decom¬ 
posed effete particles. And, in accordance with this supposition, it is found that, 
caeteris paribus, the parts of the body which most readily undergo decomposition 
after death, as the cerebral substance and muscles, receive the largest supply of 
blood during life; and, on the other hand, that the most indecomposible struc¬ 
tures, as the teeth and horny textures, are not only destitute of vessels, but 
are little capable of imbibing the nutritive fluids from other vascular tissues.— 
'Pranslator. 
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fungus haematodes, concurrently with its reproduction,—in the 
wasting of the solids of the body during abstinence from food, in 
atrophy, and in several chronic diseases,—and in the growth, 
change of form, and wasting of tumours and warts, and their fre¬ 
quently rapid reproduction after previous wasting. The parts re¬ 
moved in these cases must be received either into the blood-vessels 
or into the lymphatics, when these latter vessels exist in the part. 
It would be incorrect, however, to regard the lymphatic absorption 
as the mere resumption of the previously organised particles of the 
solids into the fluids, and the lymph consequently as a mere solution 
of the solids; for, if we except its globules, the lymph consists, as 
we have seen, of liquor sanguinis, and is derived from the part of 
that fluid which is effused into the tissue of the organ, and is not 
required for nutrition. 

The exchange of old for new matter in the solids of the body 
might be presumed, without other evidence, from the constant 
changes which are taking place in the form of parts. From child¬ 
hood upwards the organs are continually changing their form, and 
this change in the form of the whole organ can only be effected by 
means of a change in the minute elementary particles of which it is 
composed. It may be imagined that, in this change the particles 
absorbed are taken up into the blood, and are soon employed again 
for the purpose of nutrition at other points. But it still remains for 
us to inquire, whether there does not exist a process of renewal of 
the constituent matter of organs, in which the old and decomposed 
materials are taken up into the blood for the purpose of being ex¬ 
pelled from the body. Unfortunately, the only facts that we are in 
possession of by which this question can be determined, are, the ter¬ 
mination of life generally, and the certainty that in old age the ac¬ 
cumulation of useless elements in the tissues is constantly increasing, 
that the quantity of animal matter in the bones diminishes, and 
that calcareous matter is deposited in the coats of arteries and 
other parts. D’Outrepont* supposes that life itself is attended with, 
and is the mere result of a constant exchange of material in the 
fluids and organised solids. It has already been shown that life 
is attended with a constant decomposition of the material of the 
body. Every action produces a change in the composition of the 
active part, and excites a call for the restoration of the natural com¬ 
position, which is gradually effected during the state of rest. It 
appears, therefore, really that even the organised solids undergo a 
gradual decomposition of their component particles, which is in¬ 
separable from their state of action, and which itself induces reno¬ 
vation. 

In the Prolegomena on General Physiology I have stated all that 
is known respecting the balance which subsists between the destruc¬ 
tion of material produced by the state of action and the succeeding 
renovation; but, unfortunately, such delicate relations cannot be 

* Diss. de perpetua materiei organico-aniinalis viciss. Hal. 1798. Reil’s 
Archiv. i\r. 460. 
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subjected to calculation. We have here only very imperfect data, 
sucii as the fatigue after action, and the necessity for a large quantity 
of stronger nourishment after great mental or muscular exertion; 
while, on the other hand, the permanence of certain colouring mat¬ 
ters introduced into the skin, points out a limit to the process of 
absorption and renovation. Within these limits, too, the indications 
of the renewal of the substance of the organised solids are of very 
various degrees of distinctness: we may instance, for example, the 
frequently quick disappearance of warts from the skin; the rapid ab¬ 
sorption of bones, and their rapid union after fracture; further, the 
very gradual reduction of a shapeless callus to a form corresponding 
more nearly to the natural outline of the bone, during which process 
the cavity of the bone is restored at the point of fracture, some¬ 
times after the expiration of months; while the difficulty with which 
specks of the cornea are removed, shows us how the inactivity of 
the renovating process here corresponds to the paucity of blood¬ 
vessels. 

The exchange of material, lastly, is most considerable in youth, 
and diminishes more and more as age advances. 

b. Chemical composition and form of the organised tissues .— 
The formation and development of these tissues has been already 
described, agreeably to tlie recent discoveries and views of Schleiden 
Schwann, Chap. I. Book I. Their chemical composition in addition 
to that given at p. 115, et seq., will be more appropriately noticed 
when speaking of their functions. 

c. Influence of the nerves on nutrition. —We are still much in 
the dark concerning the influence of the nerves on nutrition. Affec¬ 
tions of the brain and spinal cord producing paralysis sometimes 
leave tlie nutritive functions quite unaffected. In many instances, 
on the other hand, the paralysed parts waste and lose their firmness; 
and, whaf is especially indicative of the influence of the nerves on 
nutrition, injuries of such parts are very liable to be followed by 
gangrene. Schroeder van der Kolk has observed that in some cases 
the muscular substance is converted into fat and the arteries are 
ossified. 

In the embryo, the nutritive process is remarkably independent of 
the brain: for the nutrition of anencephalous monsters is by no means 
defective, and their development up to the period of birth is perfect. 
But, where any particular nerves have been deficient, the parts cor¬ 
responding to them have likewise always been absent; and where any 
organ is wanting, there is always a corresponding absence of the 
nerves. Tiedemann [Zeitschrift f. Physiol, i. 76,) has in three cases 
observed absence of the olfactory nerves coincident with an imper¬ 
forate state of the cribriform plate of the ethmoid bone and cleft 
palate. Absence of the eyes is attended with absence of their nerves. 
M-B-Yev {Tiedeinann's Zeitschrift. ii. 41,) has described a monster in 
which the lower extremities were present, with the exception of the 
absence of two toes on the left foot, but in which the urinary ap¬ 
paratus was absent and the generative organs were imperfect; and 
here the caiida equina was also very imperfectly developed, ceasing 
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abruptly opposite the twelfth dorsal vertebra, while the nerves of the 
lower extremities were present. In several imperfectly developed 
monsters the nerves have been said to be wholly wanting; but this 
assertion may with tolerable certainty be attributed to the difficulty 
and inaccuracy of the examination. In acephalous monsters which 
consisted of one extremity merely, a ganglionic nervous mass has 
been found, from which the nerves of the extremity arose, and which 
must be regarded as the rudiment of a spinal cord. 

The reciprocal dependence of the organs and nerves on each other 
may be observed very clearly in the metamorphoses of insects, and 
of the amphibia. Thus, in insects during the metamorphosis, the 
nervous system undergoes a change of form which has an exact 
relation to the organs of the creature in its future state; in the cater¬ 
pillar the ganglia of the nervous cord are nearly uniform, correspond¬ 
ing with the segments of the body; but during the metamorphosis, 
when individual parts of the body are more developed, and the legs 
and wings are formed, several ganglia become united into larger 
masses, opposite the points where the new organs are developed.^ 

During the transformation of the larva of the frog, the tail disap¬ 
pears, and with it the extremity of the spinal cord, while simulta¬ 
neously with the appearance of the extremities their nerves are 
developed. 

This reciprocal dependence of the organs, and of the nerves, on 
each other for their existence, must not induce the belief that the 
production of the organs depends on the pre-existence of the nerves. 
This is by no means the case; both organs and nerves are produced 
by the same power, the ftisus formativiis, which resides undivided 
in the germ. When once the organs are formed, however, their 
constant renovation seems really to depend in part on the influence 
of the nerves. Several species of animals, even in their fully de¬ 
veloped state, reproduce parts which are lost. The extremities, gills, 
lower jaw, or eyes, may be removed from the larva of the salaman¬ 
der, and will be reproduced. In this case it is uncertain whether 
the vital organising principle which exists in all parts of the animal 
regenerates these parts, in the same way as in the first development 
of them; or whether the central parts of the nervous system which 
are uninjured by the lesion, effect the reproduction of the parts to 
which they send nerves. The reproduction of an extremity in the 
salamander is said to be prevented by its nerve being divided at a 
second point above the surface of the stump.(?) In the former 
edition of this work the translator related, with Dr. Sharpey’s per¬ 
mission, the following experiment on a salamander;—A considerable 
portion of the spinal cord at the root of the tail was carefully re¬ 
moved, together with the arches of the vertebrae, and the tip of the 
tail was then cut off; the tail was, of course, quite paralysed; but 
reproduction here went on as rapidly as in other cases in which the 
spinal cord was not injured above the wound, and at the end of six 
weeks the newly formed portion of tail was at least one-fourth of an 


* Herold, Entwickelungs-geschichte des Schmetterlings. Cassel. 1816. 


480 


INFLUENCE OF NERVES ON NUTRITION. 


inch in length. As in this experiment, however, the influence of the 
brain only was cnt olf, the spinal cord being left in the tail, the trans¬ 
lator has repeated it in a ditferent manner. Instead of removing a 
portion of the cord only at the root of the tail, he has cut otf the end 
of the tail, and then thrust a thin wire some distance up the spinal 
canal so as to destroy the cord to the same extent. In one instance 
the wire was passed so far up that the posterior extremities were 
paralysed as well as the tail. The result was in all cases the same. 
Reproduction of the end of the tail took place, hut much less rapidly 
than in salamanders in which the spinal cord had not been destroyed. 
Thus, in a large salamander, in which, after the end of the tail had 
been removed, a wire was thrust half an inch up the spinal canal, 
and moved about in it so as to destroy the cord, there is, after the 
lapse of nine weeks, a new portion of tail produced scarcely more 
than Ith of an inch in length; while in another salamander of the 
same size, and placed under the same circumstances, but in which the 
spinal cord was left uninjured above the point of amputation of the 
tail, the new portion of tail is i an inch in length. This result cor¬ 
responds with what we see to be the most usual effects of paralysis 
in the limbs of the human subject, namely, diminution, though not 
arrest of nutrition. 

It might be urged, as an argument against the nerves exerting an 
influence in nutrition, that bones are reproduced although they have 
no nerves; but the nutritious vessels of the bone may, like other 
parts, be supplied with minute branches from the sympathetic 
system. 

There are few experiments on record cateulated to determine in a 
direct manner the influence of the nerves on the action of the snirdl 
vessels. Magendie {Jouni. d. Physiol, iv. 176, 304,) observed that 
emetics injected into the veins produced inflammation of the lungs 
and stomach, but that these eflects were much less in degree when 
the nervi vagi had been previously divided. Magendie remarked 
likewise that, after division of the fifth nerve, strong stimulants ex¬ 
cited no inflammation in the eye; but that after a few days, inflam¬ 
mation, with exudation into the interior of the globe, came on even 
when no irritants had been applied. Dupuy has seen inflammation 
of the eye ensue after removal of the superior cervical ganglion of 
the sympathetic, and Mayer has remarked the same occurrence after 
tying the sympathetic nerve. {Grdfe n. Wallher's Journ. x. 3.) 
Dr. J. Reid, also, has seen the effect produced in dogs by division of 
the sympathetic nerve and vagus in the neck. [Edin. Med. and 
Sut'g. Jmirn. July, 1839.) Schroeder [Observ. Anat. Pathol. 1826, 
14,) performed the following experiment:—He divided the ischiadic 
and crural nerves of one leg in a dog, and made a wound iti both 
feet. On the following day the wound of the paralysed limb was 
dryer than that of the sound limb; during three weeks the wound 
of the sound foot presented violent phenomena of inflammation,— 
suppuration and granulation took place in it; while in the wound 
of the paralysed foot there was scarcely any inflammation; it dis¬ 
charged a white matter which formed a crust; but the wound itself 
was pale. 
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I have only once among several cases in which I divided the 
ischiadic nerve in rabbits for the purpose of investigating the repro¬ 
duction of nerves, observed that the skin of the heel of the para¬ 
lysed limb gave way and ulcerated at the part on which the animal 
rested. 

To the influence of the nervous system on the action of the capil¬ 
laries may also be referred the sudden change observed in the con¬ 
dition of wounds after violent affections of the mind. Vering and 
Langenbeck (Schroeder van der Kolk, 1. c. p. 28,) have remarked 
that wounds under such circumstances, often suddenly lose their 
favourable aspect. The increased heat and redness, and tumefac¬ 
tion frequently observed in parts affected with a paroxysm of neu¬ 
ralgia,* seem to prove the influence of the nerves on the nutritive 
processes. 

There is no proof that the sympathetic nerve has a more especial 
influence on nutrition than the cerebro-spinal nerves, except, per¬ 
haps, the fact that the nutrition of a part does not cease when the 
nerves which it receives from the brain or spinal cord are divided. 


CHAPTER II. 

OF GROWTH. 

The growth of the solid textures of organised beings is efl^ected in 
two ways. It may either be interstitial, each of the small particles 
of the tissue contained in the meshes of the capillary network being 
enlarged, while the number of vessels is at the same time increased, 
which is the mode of growth of vascular parts; or it may be effected 
by the apposition of layers of new matter secreted by a vascular 
matrix, the parts, which acquire increase of bulk in this manner, 
themselves having no vessels. 

A very important law regulating the formation and growth of all 
organised textures has recently been brought to light, by the labours 
of Schleiden and Schwann. It is found that in the production of 
any given form of tissue, such as a fibre or tube, nature does not 
at once unite the organic molecules in that form, but that she first 
creates by a definite process round vesicles or cells, and subsequently 
transforms these into the various elements of the organic textures. 

The predominance of the cellular form of tissue in the vegetable 
kingdom had been long known, and the correctness of the opinion 
that all varieties of vegetable tissue were really modifications of one 
type, the cell, had been demonstrated by M. Mirbel.t It had also 
been observed, that several structures in animals bear a great re¬ 
semblance to the cellular tissue of plants,—a resemblance, indeed, 
amounting to identity of form in some instances; for example, in the 

♦ See Swann, on Local Affections of the Nerves. London, 1820, p. 43; and 
Brodie, on Local Nervous Affections. 

f Annales du Miisee. 1831 and 1832; and Lindley’s Botany, 3d edit. p. 8. 

41 
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cells of the corda dorsalis (the gelatiniform cord which occupies the 
cavities of the bodies of the vertebrae in some fishes, and in the 
embryo of the higher animals. The observations of Purkinje and 
Raschkow, and of Henle, on the structure and growth of the epithe¬ 
lium, had even atforded an example of the spontaneous conversion 
of nucleated cells, similar to those of plants, into elementary parts of 
a dilferent form. But it was not until Schleiden had made known 
his observations on the development of the cells of vegetables from 
nuclei or “cytoblasts,” that Schwann* was led to compare the mode 
of growth of cellular textures in animals, and to make the discovery 
that the first step in the formation of all animal tissues is the produc¬ 
tion of a primary cell. But it is not necessary to repeat here an out¬ 
line of their remarkable discovery, which the reader will find in 
Chapter I. Book I. In the following chapter of the same book is a 
detailed account of the “Regeneration of the Tissues.’’ 

Oy the laws of growth and changes of form. 

The growth,—that is, the increase in size of organised bodies,t— 
has a determinate limit, which in most of the higher animals is arrived 
at long before the end of life. Thus, man, when arrived at adult 
age, ceases to grow; but changes of form, affecting either the whole 
body or its individual parts, continue to take place. In many plants, 
in fishes, and in several reptiles, the term of growth and that of life 
are nearly the same. But all parts do not grow uniformly; and 
many disappear, while others are formed and become developed: 
growth is, in short, accompanied by constant changes of form. In 
the majority of animals the most remarkable phenomena of change 
of form occur during the period of foetal life; this is the case in man, 
Mammalia, birds, and fishes; while in Amphibia, insects, and several 
of the lower Crustacea, the embryo state seems to be prolonged for 
a considerable time after their escape from the ovum, for their ex¬ 
ternal form continues to undergo change, new organs are formed 
and others lost. The changes of form, after birth, are most rare in 
man and Mammalia: instances of them are, however, presented to 
us in the growth of the thymus gland at the commencement of child¬ 
hood, and its subsequent wasting up to the twelfth year; in the 
period of development marked by the change of the teeth, and in 
that of puberty, during which the larynx changes its form, and the 
breasts, and the bulbs of the hair covering the chin and pubes, are 
developed. But in Jlmphibia the changes of this kind are much 
more extended. Even the kidneys are not developed until the 
animal has acquired the condition of the tadpole, when the cor¬ 
pora Wolffiana, waste away. The disappearance of the external 

* Froriep’s Notiz. Bd. v. p. 33 and p. 225, Bd. vi. p. 21. Schwann has since 
published a distinct work, entitled Microscopische Untersuchungen liber die 
Uebereinstimmung in der Structure nnd dein VVachsthum der Thiere und Pflan- 
*en, from which the account of the growth of the tissues given in this and the 
preceding pages is chiefly derived. 

j- The laws which regulate the growth of organised bodies, have been treated of 
by G. R. Treviranus in his Biologie, vol. iii. 463—544, in a very instructive man¬ 
ner, and with his accustomed philosophic acuteness. 



METAMORPHOSES OP ANIMALS. 


4S3 


branchiae in the tadpole, the development of the internal branchiae 
which continue to exist during the greater part of the larva state, 
the disappearance of the tail, and the final loss of the branchiae, 
have been already mentioned. The generative organs are not 
developed till near the termination of the larva condition. I could 
not discover any trace of the testes and ovaries before the trans- 
ormation into the perfect state had commenced, when the ani¬ 
mal had already four extremities, although it still retained the tail 
and branchiae. Even in the salamanders, which have extremities 
during the greater part of their larva state, the genitals are not 
developed till near the termination of this condition, just before the 
branchiae are lost. The intestinal canal of the frog in the larva state 
was destined for vegetable food, and was consequently of extraordi¬ 
nary development; during the metamorphosis it is reduced to the 
condition of the canal in carnivorous animals. The vertebrae, also, 
which in the larva state were connected by excavated facets, as in 
fishes, undergo change at the same period. 

The metamorphoses which animals undergo during the pro¬ 
cesses of development and growth depend partly on the development 
and reduction of similar parts. 

It has been said that the embryo, during its development, passes 
through stages of transition which are permanent conditions of lower 
animals; and this hypothesis, incorrect in itself, has been extended to 
an extravagant length. Nevertheless, in it there may be perceived 
some prevision of the real law, which escaped the observation of 
those who opposed it. Von Baer has the merit of having first dis¬ 
covered the real relation which the phenomena bear to each other; 
he pointed out, that in the Vertebrata, from man down to fishes, 
there is one common type of formation, a certain sum of similar or¬ 
gans, which in the embryo state of all are met with in perfect simi¬ 
larity, but which, during their development, assume different forms 
in different classes of animals, or are even reduced to a state lower 
than the original type; thus, for instance, in the embryo state of all 
the Vertebrata the os hyoides has rib-like appendages, but in the 
higher classes these are partly lost, while in fishes, and the larvae of 
the Amphibia, they are developed to form the branchiae. 

All the Vertebrata resemble each other in presenting a series of 
vertebrate bones with arches posteriorly to protect the central parts 
of the nervous system, and a number of anterior appendages, in the 
form of ribs, to enclose the viscera. A part of these anterior ap¬ 
pendages meet cartilaginous or osseous ribs connected with the 
sternum, so as to form a thorax; Mobile the ribs belonging to the 
cervical and lumbar vertebras are absent in many of the Vertebrata, 
and in others (the Crocodilida and Lacertae) the appendages of the 
cervical vertebrae are merely rudimentary. In all the Vertebrata, 
the vertebral system here indicated dwindles away to an imperfect 
condition at its lower part under the form of the coccygeal vertebrae, 
and is more highly developed superiorly in the three vertebrae of 
the cranium. More than three vertebrae I cannot discover in the 
cranium; to mark out vertebrae in the ear, &c. seems to me to be an 
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exaggeration and an abuse of an analogy which is, to a certain ex¬ 
tent, quite correct. In all embryos of the Vertebrata the extremities 
are at first absent; their first form in all is that of small prominences, 
which afterwards take different forms in the different classes. Thus 
we see how the forms of the developed vertebrate animals depend 
on the transformations and reductions of one common type. Some 
animals during growth deviate more, others less from the form which 
this type presents in the embryo and larva state. 

In the articulate classes, in which the brain, it is true, lies above 
the oesophagus, but in which the nervous cord, that forms its conti¬ 
nuation through the intervention of a ring which surrounds the oeso¬ 
phagus, runs along the abdominal surface of the body, a common 
type peculiar to them is again evident, consisting of a series of rings 
enclosing the body, and connected with each other in a series from 
before backwards. The maxillae and mandibles appear, from Sa- 
vigny’s researches, to belong to the same system of organs with the 
feet. 

The insect, while in the larva or caterpillar condition, has thirteen 
rings or segments of the body; it is only during this state that it in¬ 
creases in size, changing its skin three or four times: by the metamor¬ 
phosis which it undergoes during the pupa or chrysalis condition, it 
is converted into a new creature. Before the organising power which 
produces this change of form can be exerted, it is necessary that the 
uniform members of the larva shall have attained a certain size. The 
continued nutrition of the parts of the larva by the introduction of 
food, seems to delay the production of the metamorphosis, for insects 
undergo transformation earlier when no food is given them, just as 
plants blossom earlier in poor soil; but in proportion as the parts of 
the larva, as yet uniform, increase in size, the stronger seems to be¬ 
come the tendency to the production of differences of form, by the 
reduction of some parts and the development of others. 

When the last change of the skin takes place, the insect, enveloped 
in its cocoon, assumes the chrysalis form; the external tegument of 
which, like all horny matter, is at first soft. In the external form of 
many pupae the rudiments of the exterior figure of the future insect 
may be already traced, the extremities being pressed closely to the 
body. The fundamental features of the change in the external form 
of the insect are displayed in the transformation of the larva to the 
pupa. The division of the future animal into three parts is already 
seen; the three rings of the body which follow the first, or cephalic 
ring, being converted into the thorax, in which the protothorax, me- 
sothorax, and metathorax are afterwards recognised, while the pos¬ 
terior nine of the thirteen segments become shortened, and form the 
nine rings of the abdomen of the perfect insect; the rudiments of 
the wings are formed on the second and third ring of the thorax; the 
antennee and palpi on the head or cephalic ring. The organs for 
the perception of light do not exist in many insects until they un¬ 
dergo transformation; in others compound eyes are then developed 
in the place of the simple eyes of the larva. Of the thirteen ganglia 
of the nervous cord in the larva of the cabbage moth,—Papilio bras- 
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sicse,—the third becomes united with the fourth, and the fifth with 
the sixth, while the seventh and eighth wholly disappear. The 
viscera undergo corresponding changes. The butterfly acquires a 
proboscis in place of the maxillae of the caterpillar; its vessels for the 
secretion of the web disappear. The intestinal canal and respiratory 
organs are changed in form. From the commencement of the meta¬ 
morphosis the fatty body is rendered almost fluid; it is chiefly 
employed in the formation of new organs. We have seen that in 
the larva of Amphibia the generative organs are at first absent, but 
Herold has found that, in insects, extremely delicate rudiments of the 
testes and ovaries exist even in very young larvae. Many insects 
retain the larva type.* 

With regard to the Crustacea, it is observed, not only that the 
higher genera in their embryo state have a thorax composed of distinct 
segments, and thus resemble the permanent condition of the lower 
genera, but that the Crustacea, when young, are frequently much 
more simple than afterwards,—for example, the young Cyclops has 
but two antennae and two pairs of feet. Some Crustacea, indeed, 
undergo a perfect metamorphosis; this is the case with the Lernaea 
tribe. The proper place in the scale of animals for these strange, 
parasitic creatures was long doubtful, because when fully formed 
they had lost almost all traces of their former division into segments; 
hence many naturalists classed them improperly with the Entozoa. 
Nordmann {Microgr. Beitrilge. ii.) has discovered that in the 
embryo and larva states these animals have the form of perfect 
Crustacea. The embryo of the achteres percarum has, for instance, 
four pencil-like feet. After it has left the ovum, it has two antennae, 
three pairs of anterior cheliform feet, and two pairs of flabelliform 
feet, and is similar to the fish-louse (Caligus). The young of the 
genus Ancorella, even while in the ovum, have a red eye. 

During the growth of the Annelida the number of their rings in¬ 
creases, and in the Arenicola the number of the tufted branchiae also; 
at least I am induced to think so on comparing different specimens 
of the Arenicola carbonaria. 

* For further information on the metamorphosesof insects, consult the classical 
work of Herold, Entwickelungsgeschichte der Schmetterlinge. Cassel, 1815. 
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SECTION I. 

Of the Properties of the Nerves generally. 

CHAPTER I. 

OP THE STRUCTURE OP THE NERVES. 

a. Of the principal forms of the Nervous System.* 

The first great distinction to be made in considering the forms of 
the nervous system in the animal kingdom, is between that of the 
Vertebrata, in which the brain is not pierced by the oesophagus, and 
is prolonged into a spinal cord, and that of the Invertebrata, in which 
the brain is always represented by a nervous ring through which the 
oesophagus passes. This nervous ring of the Invertebrata presents, 
on the dorsal aspect of the oesophagus, a large ganglion, or brain; 
while there is likewise another enlargement or ganglion occupying 
the lower part of the ring, and situated below the oesophagus, from 
which the rest of the nervous system, whether it consists of single 
nerves, or of a cord with a series of ganglionic enlargements, as in 
the Annelida, Crustacea, Insecta, and Arachnida, takes its origin. 

The relation in which the nervous system of invertebrate ani¬ 
mals stands to that of the Vertebrata is a problem which has long 
occupied the minds of anatomists and physiologists. Ackermann, 
Reil, and BichSt compared the ganglionic system of Invertebrata 
with the sympathetic nerve of the higher animals; and the same 
proposition has very recently been started anew by Serres and Des¬ 
moulins. Scarpa, Blumenbach, Cuvier, Gall, and J. F. Meckel 
have, however, on better grounds, denied the existence of such an 
analogy; and the greater number of these anatomists have regarded 
the abdominal cord of the Articulata simply as the analogue of the 
spinal cord of the Vertebrata. According to the view of Meckel 
and Ph. v. Walther, that part of the nervous system of the Inverte¬ 
brata which is continued from the brain into the trunk of the body, 
includes both the spinal cord and sympathetic system of the higher 
animals; and, while it has in all cases the function of the two, it in 
the Mollusca approaches more nearly to the type of the sympathetic, 
in the Articulata to that of the spinal cord. Treviranus and E. H. 

♦ See a more extended view, by J. Muller, in the Nova Acta Nat. Cur. t. xiv. 
and in Meckel's Archiv. 1828. 
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Weber, lastly, imagined that the ganglia of the abdominal cord of 
the Articulata must be looked upon as nothing more than the ganglia 
of the spinal nerves which have coalesced; the intermediate cords 
being merely the first rudiments of the medulla spinalis. The ques¬ 
tion has been at length decided by the discovery that in most articu¬ 
late animals, and in all insects, there is, besides the abdominal cord, 
a second system of nerves destined solely for the viscera, which like¬ 
wise consists of a series of delicate ganglia more minute than those 
of the abdominal cord, attains its greatest development in the for¬ 
mation of plexuses on the intestinal canal, and particularly on the 
stomach, and is connected by radicle fibres with the brain. Traces 
of a nervous system exist, according to Ehrenberg, even in the In¬ 
fusoria; at all events, he has seen them in the Rotifera. 

Among the best known forms of the nervous system, in the lower 
animals, the three following types may be distinguished. 

1. I'ype of the Radiata. 

Similar members arranged around one centre .—The primitive form of the nervous 
system is the ring, which in the Invertebrata generally is known as the oesopha¬ 
geal ring. Its simplest form is met with in the Radiata, in which the ring is still 
without ganglionic enlargements, or a cord-like prolongation. The distribution of 
its branches corresponds with the radiate division and structure of the animal. 
There being no prolongation of the body of the creature into an articulated trunk, 
there is likewise no nervous cord developed as a prolongation of the oesophageal 
ring. The repetition of similar organs in the periphery of a circle is the character 
of the type according to which the animal is here formed, and hence all the nerves 
given off from the oesophageal ring are similar; no one is especially the prolonga¬ 
tion of the ring, and no one part of the ring has especially the function of the 
brain. All the radiating branches of a nervous circle, of which no one has a 
greater importance than the rest, constitute together what in the higher animals is 
represented by the principal nervous cord. 

2. Type of the Molluaca. 

iVb division into members, the viscera enclosed in a common muscular sac ,—In mol¬ 
luscous animals the primitive form of the nervous system undergoes changes which 
only correspond to the modihcations that have affected the whole organism. The 
symmetry of the radiate type is lost; and, as one most essential character, there is 
a want of the articulate structure of the other Invertebrata. The molluscous ani¬ 
mal consists merely of a convoluted mass of viscera in sufficient number to con¬ 
stitute an individual animal organism, of which the proper animal or sensitive 
functions seldom exceed an awkward touch and a sluggish locomotion. 

The fundamental oesophageal ring is present here also; but, there being no ra¬ 
diate divisions of the body, the nervous ring does not give off radiating branches. 
There are nerves of sense, nerves for the viscera, and nerves for the muscles; the 
viscera not being arranged with any symmetry or order of succession, and there 
being no regular series of locomotive members, there is not required in the nervous 
system any succession of similar parts. 

The sole development which the nervous system in this type undergoes, con¬ 
sists in ganglia being formed on the oesophageal ring and its nerves, as centres 
from which branches are given off. The grades which this development is ob¬ 
served to pass through are the following:— 

1. Ganglia on the oesophageal ring at its superior and inferior parts, (supra- 
oesophageal and infra-oesophageal ganglia,) as in the Gasteropoda; or lateral gan¬ 
glia on the oesophageal ring, and on the nerves arising from the ganglia of the ring, 
as in Acephald. 

2. The oesophageal ring developed into a large cerebral mass, as in Cephalopoda, 

3. Type of the Articulata. 

The body divided into a series of similar or identical parts, the contents of all of 
which are either similar or identical ,—The fundamental character of the articulate 
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animals Is, that the body is formed of a succession of rings either similar or iden¬ 
tical, which again contain either similar or identical parts of the vascular system 
and viscera. The organs are no longer included in a convoluted mass by a mus¬ 
cular sac; but are extended for the most part in one direction, namely, longitudi¬ 
nally; and the muscular sac has become divided into a niiniber of separate muscles 
for the different segments of the body. To correspond with this structure, the 
oesophageal ring and its ganglia are repeated in the form of the gangliated ner¬ 
vous cord. 

This is the case in Annelida, Insecta, Arachnida, and Crustacea. The brain in 
all the species of these classes seems to be, without exception, above the oeso¬ 
phagus.* In insects the special nervous system of the viscera becomes dis¬ 
tinctly developed. 

The union of several of the ganglia of the abdominal cord, the disappearance of 
some, and the fusion of others into larger masses during the metamorphoses of 
insects, in accordance with the necessities of the parts which have become more 
highly developed, are now well ascertained. In some few insects all the ganglia 
and loops of the double abdominal cord are united into one solid column from 
which all the nerves of the articulated body radiate, but this column is connected 
with the cerebral ganglion by means of the oesophageal ring, which remains open. 
Such is the structure in the Scarabeeus nasicornis even in the larva state. Here 
then the gangliated cord is converted into a simple cord, and thus the brain and 
spinal marrow of vertebrate animals would seem in fact to differ in form but little 
from the nervous system of Invertebrata. There remains as peculiar to the latter 
animals only the passage of the oesophagus through the nervous ring. On the 
other hand, we see that in the lower Vertebrate, the ganglionated structure is again 
met with in the spinal cord at the points where large nerves arise from it: thus 
there are several ganglionic enlargements of the cord in the cervical region in the 
flying fishes (Trig!®), and there are enlargements of the spinal cord in Chelonia, 
birds, and Mammalia at the points corresponding to the origin of the nerves of the 
upper and lower extremities. 

There are no grounds for comparing the nervous system of molluscous animals 
to the sympathetic nerves of the Vertebrata. The absence of the chain of ganglia 
in the former animals is the consequence of their body not consisting of a series of 
segments. The union of the ganglia in a series is an accidental circumstance, 
which has its origin not essentially in the nervous system itself, but in the general 
structure of the body. Hence, even in the articulate classes, when the division'of 
the body into segments is absent or subordinate, the chain of glanglia is replaced 
by ganglia situated on the different nerves arising from the brain, as in Mollusca; 
such, for example, is the case in the Phalangita. The ganglia of the Mollusca 
belong therefore in part to the nerves of the viscera, and are destined for the 
organic functions; while those cerebral nerves, and their ganglia, which are dis¬ 
tributed to the organs of motion, as the mantle (in the Sepia), and are capable of 
exciting voluntary motions, are wholly analogous to the muscular nerves arising 
from the gangliated cords of the Articulata, and are quite distinct from visceral 
nerves. Other views respecting the functions of the different parts of the nervous 
system of invertebrate animals have been suggested by Dr. M. Hall’s hypothesis 
of the existence of distinct nerves for the reflex movements, in addition to the 
nerves of volition and sensation. The consideration of these views is reserved to 
the Chapter on the Motions produced by Reflex Nervous Action, to their connec¬ 
tion with which subject they owe their chief interest. 

b. Of the minute structure of the Nervous Substance. 

Primitive nervous fibres .—The nerves are constituted of parallel 
fasciculi of different sizes, invested with a membranous neurilema. 

* In the Scorpion, as in other Articulata, the oesophagus passes through the oesophageal 
ring; but the posterior or inferior enlargement of the ring is larger than the anterior, 
which circumstance it was which formerly misled me to the belief that here the brain lay 
below the oesophagus. In the Phasmse also the brain is placed as in all insects, though in 
lti26 1 thought ditferently. 
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These fasciculi, examined along the course of a nervous cord, are 
found to be connected with each other at intervals; but the parallel 
primitive fibres contained in these fasciculi run merely in apposition 
with each other; they do not unite: even where the fasciculi appear 
to anastomose, there is no union of fibres, but only an interchange of 
fibres between the fasciculi. 

' The primitive fibres of the nerves are very similar in form and 
size in different animals; they are in all cases simple threads, and 
are never formed of globules. In the human subject their diameter 
is, according to Krause, from to of an English line; and ac¬ 
cording to Prof. R. Wagner, j-fy: in the frog, the last observer states 
them to measure of a line in diameter. They vary, however, 
very much in size, and are frequently, especially the grey fibres, 
much more minute than the above measurements indicate. The 
capillary blood-vessels exceed the nervous fibres in size, and conse¬ 
quently do not ramify upon them, but merely form a network which 
occupies their interstices. Fontana appears to have been the first 
who had a correct idea of the structure of the primitive fibres. He 
distinguished in them an external tubular portion, which, when 
highly magnified, had a wrinkled aspect, and a solid internal portion, 
which formed a smooth homogeneous thread. He was able to sepa¬ 
rate the tubular sheath from its solid contents in some fibres. 

These observations of Fontana are quite in accordance with those 
recently made by Remak, who first directed attention to the 
paragraph in the work of Fontana. But both Valentin {Reper- 
toriiim, 1838, p. 76,) and Henle {Muller's Jirchiv. 1839, p. 174,) 
regard Rernak as incorrect in describing the contents of the nervous 
cylinder to be solid. In the fresh state, when no reagent had acted 
on the nerves, they found the fibres to contain a perfectly transparent 
and fluid matter, which the addition of water, however, caused to 
coagulate. The flattened pale filet which remains after a nervous 
fibre has been subjected to pressure, and which Remak supposed to 
be the solid fibre freed from the investing tube, appeared to Henle 
to be the tube itself emptied of its contents. 

The great size of the so-named primitive fibres of the nerves, as 
compared with the minute elementary parts of muscles, and of 
the cellular and other tissues, excites a doubt as to whether the fibre 
contained in the nervous cylinder is really its most minute element. 
In fibres of the thickness of the ordinary primitive nervous fibres, 
which Schwann examined in the mesentery of the frog, he saw other 
much finer filaments, which issued from the larger fibre. Treviranus 
observed in several nervous cylinders streaks running longitudinally, 
and he even saw distinctly more minute elementary filaments in the 
so-called primitive cylinders. 

Fibres of the cerebral substance .—The fibres of the brain were 
known to Fontana. He describes them as being cylinders filled 
with a gelatiniform fluid, but his notion of the intestine-like convolu¬ 
tions of these tubes is quite incorrect. He attributed too much im¬ 
portance to the curved disposition of the fibres, which is an accidental 
state produced in the preparation of the nervous substance for micro- 
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scopic examination; for the primitive fibres of the brain and spinal 
cord have for the most part a tolerably straight direction. Ehren- 
berg, however, has described the tubular structure of the cerebral 
fibres, and their arrangement in the brain and spinal cord, very 
accurately. He states that they run generally in straight lines, and 
do not anastomose. He very rarely saw them divide; for example, 
in a few instances in the spinal cord. The division of the fibres may,’ 
however, be frequent even in the brain, since the mass which the 
diverging fibres constitute evidently increases between the medulla 
oblongata and their radiated expansion in the grey matter of the 
outer part of the optic thalamus. Ehrenberg* has discovered that the 
primitive fibres or tubes of the brain and spinal cord and those of the 
optic, olfactory and auditory nerves, assume on the slightest pressure 
a beaded appearance, or are varicose. Treviranus, however, has 
shown that the primitive fibres in all parts, in the brain as well as 
in the nerves, are for the most part straight, and not varicose. The 
observations of Lauth and Remak also tended to show that an 
arrangement of the nerves according to the cylindrical or varicose 
form of their primitive fibres is scarcely possible, since single varicose 
fibres are met with more or less frequently in the most different 
nerves. The same fibre sometimes presented the cylindrical and the 
varicose form alternately at intervals, and the fibres of the nerves 
generally in young animals are prone to exhibit this appearance. 

It is, however, a characteristic property of the fibres of the brain, 
and the nerves of special sense, that they are exceedingly prone to 
become varicose. No other tissue has this property; and, in enume¬ 
rating the characters of the cerebral fibres, it cannot be omitted. It 
is not quite certain on what this property depends. 

White and grey fasciculi in the nerves. —It is well known that 
the fasciculi of nervous fibres in the symphathetic nerves have for 
the most part a grey aspect, while those of the cerebro-spinal nerves 
are white. But the latter nerves also contain some few grey fasci¬ 
culi mingled with the white; and. in many parts of the sympathetic 
nerve, there are white fibres mingled with the proper grey, or organic 
fibres. (The microscopic and other characters of these organic 
nervous fibres will be given in Section ii. Chapter 4.) 

The structure of the anterior motor, and that of the posterior sensi¬ 
tive roots of the spinal nerves, have been made the subject of com¬ 
parative examination by Ehrenberg together with myself, and we 
detected no difference between them. 

Course of the fibres and their arrangement in the nerves, —A 
knowledge of the course of the primitive fibres in the nerves is of 
the utmost importance: for, although an exact acquaintance with the 
ramifications of the nerves is indispensable, yet, in the study of the 
actions and properties of the nervous system, we must at last come 
to the question. Where do the primitive fibres contained in a nervous 
fasciculus arise, and where do they terminate? It is, at least with 

* Poggendorf's Annal. xxviii. Hft. 3.—Abhandl. d. K. Akad. zu Berlin aus d. 
J. 1834. Berlin, 1836, p. 605. 
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reference to many questions concerning the functions of the nerves, a 
matter of indifference into what fasciculus the fibres enter, or how 
soon they issue from it; since, as will presently be seen, they them¬ 
selves (the primitive fibres) remain distinct and isolated throughout 
their course; and this is the first and most important point to be 
decided. If tlie primitive fibres never anastomose, it must follow 
that the cerebral extremity of each fibre is connected with the peri¬ 
pheral extremity of a single nervous fibre only, and that this peri¬ 
pheral extremity is in relation with only one point of the brain or 
spinal cord; so that, corresponding to the many millions of primitive 
fibres which are given off to peripheral parts of the body, there 
are the same number of peripheral points of the body represented 
in the brain. If, on the contrary, the primitive fibres anastomose 
with each other in their course within the small fasciculi, and in the 
frequent anastomoses and plexuses of the nerves themselves, and do 
not merely lie in apposition; then the cerebral extremity of a nervous 
fibril will be in relation with very many peripheral points, the 
number of which will be equal to the number of primitive fibres 
which have coalesced. Now, since the nerves are seen to anasto¬ 
mose in all parts of the body, there would, if the primitive fibres 
likewise anastomosed in these situations, be scarcely a single point 
of the body represented isolated and distinct in the brain; the irri¬ 
tation of a primitive fibre in a single point of the skin would 
necessarily be propagated through all the anastomoses,~in other 
words, no local impression on a single definite point would be per¬ 
ceived by the brain; for the sensation of a single point evidently 
depends on the impression being conveyed by means of a single 
fibre to a single point of the sensoriurn. It is very clear, that if the 
anastomoses of the nerves in the transmission of the nervous principle 
had the same influence as the anastomoses of vessels, no local 
nervous influence could be communicated from the brain to the peri¬ 
pheral parts, or from the latter to the brain. The possibility of our 
establishing an accurate theory of the action of the nerves con¬ 
sequently rests wholly on the question, whether or not the primitive 
nervous fibres anastomose.* 

Fontana, and afterwards Prevost and Dumas, observed, that the 
primitive fibres of nerves enclosed in a fasciculus do not unite 
with each other, but merely run side by side. At that period, how¬ 
ever, physiologists had scarcely a suspicion of the importance of 
this fact in relation to the theory of nervous action. 1 have ex¬ 
amined with the simple microscope the primitive fibres of a nervous 
fasciculus spread out on a black surface, but have never seen two 
fibres unite into one: they always were seen to continue separate, 
whether they lay side by side, or crossed the one over the other; 
and, even where two fasciculi have united, I could perceive no 
actual union of fibres,—these remained evidently quite distinct, and 
were merely in juxtaposition. When nerves form a plexus, the 


* Similar arguments in favour of the insulated course of the nervous filaments 
were advanced by Dr. Whytt. (See Whytt’s works, p. 505.) 
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nerves which issue from it, however great the interlacement of 
fibres may have been, will always form as large a mass as those 
that entered it. The same law prevails in the ramification of 
nerves: a nerve, after having given off a branch, is thinner in exact 
proportion to the number of fibres in the branch which has left it; 
and by the aid of minute dissection it is easily seen that, when a 
branch is given off, the fibres in the trunk do not divide each into 
two, one remaining in the trunk, while the other leaves it to join the 
branch, but that the fibres of the branch are some of those which 
already existed in the trunk: hence, in a nerve, very different fibres, 
sensitive and motor, may be associated together, and in the trunk of 
a nerve there may even be branches contained which do not unite 
with the other constituent fasciculi, and have no resemblance to them 
in its properties. Thus the nervus mylohyoideus, a motor nerve, is 
commonly regarded in a general way as a branch of the inferior 
dental, a nerve of sensation, although these two nerves have nothing 
in common except their position side by side; and of this there are 
frequent examples. We hence see that the properties of the com¬ 
ponent fasciculi have nothing to do with the nature of the trunk of 
the nerve itself; but that, on the contrary, the nervous trunk, par¬ 
ticularly at some distance from the brain, may be constituted of fas¬ 
ciculi of very various properties, the different fasciculi destined for a 
particular limb having become annexed to it in its course. 

The view here given of the course of the primitive nervous fibres 
from the brain to their ultimate termination, is opposed to the state¬ 
ment that the nerves increase in size in their course, which, how¬ 
ever, is an error originated by Soemmering. The nerve is certainly 
smaller before it passes through the dura mater, and receives its 
neurilema, than it is afterwards; but, when invested by its neurilema, 
its diameter does not vary as long as it gives ofi’ no branches. The 
branches in every case contain the same mass of nervous substance 
as the trunk from which they arise; if there is a slight difference, it 
is owing to the quantity of neurilema in the branches being greater. 
These remarks on the ramification of nerves, apply also in the case 
of a plexus formed by two different nerves. Some years ago I ex¬ 
amined, with the most careful dissection, the anastomoses of the 
facial with the infra-orbital nerve in the rabbit and sheep; and con¬ 
vinced myself, by accurate drawing of the course of the primitive 
fibres of both,that the fibres merely apply themselves to one another, 
and arrange themselves into new fasciculi. With these principles, 
therefore, we must regard the primitive fibres of all the cerebro¬ 
spinal nerves as isolated and distinct from their origin to their ter¬ 
mination, and as radii issuing from the axis of the nervous system. 
Strictly considered, these radii issue from the spinal cord in a nearly 
continuous line on each side; but a certain number of them are col¬ 
lected at intervals into a fasciculus for the convenience of their dis¬ 
tribution to the peripheral parts. 

The foregoing results of my own observation I have taught for 
several years in my lectures. In the year 1830 I had an opportunity 
to communicate them in conversation to Prof. Van der Kolk, of 



GREY SUBSTANCE OF THE BRAIN AND SPINAL CORD. 


493 


Utrecht, when I begged him to put ray observations to the test. The 
views which I had adopted, and which agree with those of Fontana 
and Prevost, have recently received confirmation in my mind from 
my illustrious colleague, M. Ehrenberg, having verified the obser¬ 
vations on which they rest. The subject has been treated very fully 
by Kronenberg. [Plexuum Nervorum strucluraetvirtutes. Berol. 
1836 .) 

The above statements refer merely to the white fibres of the 
cerebro-spinal and sympathetic nerves; for it is probable that the 
grey fibres may be connected with each other (at all events, through 
the medium of the ganglia.) 

Mode of termination of the nerves. —This is a subject, the inves¬ 
tigation of which has occupied Treviranus, Gottsche, Valentin, 
Einmert, the younger Burdach, and Schwann. The question of 
chief interest was, whether the nervous fibres terminate by uniting 
with each other, or remain isolated even at their extremities. Mi¬ 
croscopic examination has shown that the nervous fibres terminate 
in three ways; namely, by the formation of regular anastomosing 
loops between every two fibres; by uniting so as to form a network 
like blood-vessels; and thirdly, by free isolated extremities. 

In the retina, and in the ear, the nervous fibres terminate in an 
isolated manner, without uniting with each other. 

Treviranus observed the papillar mode of termination of the ner¬ 
vous fibres, not merely in the retina, but also in the case of the audi¬ 
tory and olfactory nerves; and here the papillae were more thread-like. 
Those of the auditory nerve he saw on the lamina spiralis of the 
cochlea in young mice. The bony portion was wholly covered with 
thread-like papillse crowded closely together. 

Termination of fibres of the brain. —The mode of termination 
of the fibres of the brain has been investigated by Valentin. The 
primitive fibres of the spinal nerves do not end in the spitial cord; 
they continue their course as far as the brain. The fibres of the 
nerves at the extremity of the spinal cord run at once in the longitu¬ 
dinal direction upwards, while those nerves which enter the spinal 
cord laterally at its upper part pass first transversely towards the 
interior of the cord, as far, or nearly as far, as the grey substance, 
and then follow the same longitudinal course to the brain as the 
others. In the white substance, the fibres lie in contact with each 
other; but, at the line of contact of the white and grey substances, 
they become separated by the globules of grey matter, which we 
shall presently describe, and at length radiate out into the cortical 
substance, where they form loops by uniting one with another. This 
is seen most distinctly where the white and reddish grey substances 
pass the one into the other, or in the yellow substance at the peri¬ 
phery of the hemispheres of the cerebrum and cerebellum. 

Grey substance of the brain, spinal cord, and ganglia. —The 
elements of the ganglia of the nerves in the higher animals, and in 
the human subject, have been ascertained by Valentin to be globules 
of considerable size, which ditfer from the above-described club- 
shaped bodies merely by their more spherical form; but have like 
42 
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them a nucleus, and in the circumference of this another smaller 
nucleus, or nucleolus, and frequently also spots of pigment on their 
surface. One or more fasciculi of fibres which enter the ganglion 
form within it a plexus, the fibres assuming a different arrange¬ 
ment, and then issue from it again; while single fibres, or fasciculi 
of fibres, form an interlacement around the globules of the ganglion. 
The fibres which form this interlacement come off from the trunk of 
the nerve, and join it again. This description applies to the gan¬ 
glionic globules generally, as may be easily verified. 

The grey substance of the brain and spinal cord is, according to 
Valentin, formed wholly of the same globules as the ganglia. The 
appearance of minute granules is produced by the disintegration of 
the original globules, which are very soft. The only circumstance 
in which the globules of the grey substance of the brain differ from 
those of the ganglia, is that the cellular tissue which invests the 
former is less firm. In the white substance of the brain there are, 
according to Valentin, no globules or granules; the appearance of 
granules in it being produced by the disintegration of the nervous 
fibres. On the quantity of the deposit of grey globules depends the 
degree in which certain parts of the brain differ in colour from the 
white or fibrous substance: where the primitive fibres are in greatest 
number, the colour is whitish grey; where they are less abundant, it 
is reddish grey: the still darker colour of certain portions of the brain 
depends on the presence of a pigment deposited on the globules. 

In the spinal cord there are, as Rolando discovered, two kinds of 
grey substance. That which is commonly known as the grey sub¬ 
stance of the spinal cord, is called by Rolando* substantia cinerea, 
spongiosa, vasculosa.” At the back part of the posterior cornua 
of the substance runs a line of perfectly grey matter, called by 
Rolando the '•^substantia cinerea gelatinosa” The first contains, 
according to Remak, the great ganglionic globules above described, 
together with numerous fibres; the latter, on the contrary, contains 
corpuscules similar to the red particles of frog’s blood. The con¬ 
tinuation of the substantia cinerea gelatinosa in the medulla 
oblongata, where it comes to the surface, has the same structure. 

Distribution of the white and grey systems of fibres in the cere¬ 
brospinal and sympathetic nerves. —The mixed cerebral and spinal 
nerves contain chiefly fasciculi of sensitive and motor fibres, and a 
few fasciculi of grey fibres which have a tendency to the formation 
of ganglia; the sympathetic, on the contrary, contains a few sensorial 
and motor elements derived from the posterior and anterior roots of 
the mixed nerves, but consists chiefly of grey organic fibres, corres¬ 
ponding with its distribution to parts which serve principally for the 
production of chemical changes in the fluids of the body. Hence 
the frequency of ganglia in the sympathetic nerve; while in the 
cerebro-spinal system of nerves, if we except the regular ganglia of 
the posterior roots, ganglia are rare, occurring only where there is a 
considerable intermixture of grey fibres from the sympathetic. 

* Saggio sopra la vera struttura del Cervello; edit. 2. t. ii. Torino, 1828. Tab. 
iii. fig. 2, 3, sp. 
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Classification of the ganglia .—The ganglia of the nerves may 
be arranged in three classes:— 

1. Ganglia of the posterior roots of the spinal and cerebral 
nerves^ the ganglion of the larger portion of the nervus trigemi¬ 
nus, that of the vagus, the ganglion jugulare superius of the 
glosso-pharyngeal nerve, and lastly the ganglion on the small 
posterior root of the hypoglossal nerve. 

These ganglia have the common character of belonging to nerves 
of sensation; we shall show at a future page that the posterior roots 
of the spinal nerves are sensitive, not motor. The ganglion of the 
first spinal nerve sometimes, and those of the last two always, pre¬ 
sent anomalies in respect to position. The first is sometimes situated 
within the cavity of the dura mater; [Mayer. Nov. %dct. Nat. Cur. 
V. xxi.) the last two very delicate spinal nerves have their ganglia 
always in that situation. [Schlemm, Muller's Jlrchiv. 1834, i.) 
The portio major nervi trigemini which expands into the Gasserian 
ganglion, bears the same relation to the portio minor as the posterior 
roots of the spinal nerves do to the anterior roots. 

The structure of the ganglia of this class is not essentially different 
from that of the ganglia of the sympathetic; but we see in them 
more distinctly the pencil of fibres passing through unchanged be¬ 
tween the globules of the proper substance of the ganglion. The 
special function of the ganglia of the sensitive roots is not yet known. 
Perhaps they give rise to the organic fibres of the sympathetic, which 
these ganglia would then connect with the posterior columns of the 
spinal marrow. The sensitive and motor white fibres of the sympa¬ 
thetic are connected with the posterior and anterior roots of the spinal 
nerves. The question, therefore, is, whether the posterior roots of 
the spinal nerves connect both the sensitive and organic fibres with 
the spinal marrow. The ganglia of the sympathetic itself, however, 
appear to be at all events a principal source of the organic fibres. 
The lateral cords of the sympathetic are proportionally much whiter 
than the branches of the great abdominal ganglia. 

The facts which we have at present considered do not enable us 
to decide whether an increase in the number of fibres takes place in 
the ganglia of the sensitive roots, and in the Gasserian ganglion. It 
is certain that the white fibres pass through with merely a change of 
arrangement. But grey fibres may arise from the ganglionic glo¬ 
bules, since it is indeed a known fact that grey fasciculi arise in the 
Gasserian ganglion, and accompany the branches of the nervus tri¬ 
geminus. (See Wutzer, de Gangliorum Fahricd. Berol. 1817.) 

2. Ganglia of the sympathetic nerve .—It is so difficult a matter 
to ascertain what becomes of the nervous fibres in these ganglia, that 
we have, in fact, not the least knowledge on that point. The main 
question here, as in other parts of the nervous system, is, whether 
the primitive fibres really unite together, or merely lie in juxta-posi- 
tion, and form interlacements with others; or whether they divide in 
the peripheral direction, being thus multiplied. If a multiplication 
of fibres takes place in any ganglion, it is certainly most likely to be 
in those of the sympathetic; and it is, at least, very difficult to sup- 
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pose that all the primitive fibres of the abdominal plexus are con¬ 
tained in the roots which the sympathetic derives from the spinal 
nerves. But if this multiplication does take place, it can affect only 
the delicate grey organic fibres; for the ordinary primitive fibres of 
the nerves are known to pass unchanged through the ganglia of the 
sympathetic, as through those of the posterior roots of the spinal 
nerves. 

The ganglia of the sympathetic form two series. The first consists 
of those which lie along each side of the spinal column at the points 
where the roots of the sympathetic nerve, coming from the spinal 
nerves, unite with the longitudinal cord of the sympathetic; it com¬ 
prehends, therefore, all the cervical, intercostal, lumbar, and sacral 
ganglia. To the second series belong the sympathetic ganglia, situ¬ 
ated in the middle line, or the plexiforrn ganglia in the plexuses of 
the abdomen. 

3. Ganglia of the cerebrospinal nerves at the points where they 
are connected with branches of the sympathetic .—These are the gan¬ 
glion petrosum nervi glosso-pharyngei^ the intumescentia ganglii- 
formisow the angle of the facial nerve, the ganglion spheno-palatinum 
on the second branch of the iiervus trigeminus, the ciliary ganglion, 
and perhaps, also, the otic ganglion, and some others. Ganglia are 
not always formed, however, where fibres of the sympathetic unite 
with fibres of the cerebro-spinal nerves; on the contrary, it happens 
very rarely; for at not one of all the numerous points of origin of 
the sympathetic from the cerebral and spinal nerves is there a gan¬ 
glion formed. The reason why, in the instances above mentioned, 
the union of fibres of the sympathetic with cerebral nerves is attend¬ 
ed with the formation of a ganglion on the latter, appears to me to 
be that, in these cases, branches of the cerebral nerves coming from 
the brain are not given off to the sympathetic, but that branches of 
the sympathetic here join the cerebral nerves; the fibres thus added 
to the nerves being continued then, not merely to the brain, but in 
the peripheral direction with the cerebral nerve. If this supposition 
were of general application, an enlargement on a cerebral nerve, 
not at its root, but in its further course, at a point where it was con¬ 
nected with a branch of the sympathetic, would always indicate that 
the fibres of the sympathetic were here not derived as roots from the 
cerebral nerve, but were fibres sent to the latter nerve from the 
sympathetic system. Thus in the ciliary ganglion there is a min¬ 
gling of fibres of the nasal branch of the fifth nerve, of the branch of 
the third nerve to the inferior oblique muscle, and of the sympathe¬ 
tic; the object of which is not to give new roots to the sympathetic, 
but to bring into the ciliary nerves fibres of the sympathetic, with 
sensitive fibres of the first division of the fifth, and motor fibres of 
the third nerve. 

Should the above view be confirmed, then the ganglia in ques¬ 
tion,—those just considered,—will no longer be a distinct class; but 
will belong to those of the sympathetic system, and will be included 
in the second class. The sympathetic system would in that case 
have three kinds of ganglia: 
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1. The ganglia of the middle line, or the plexusrlike ganglia of the 
abdomen. 

2. The ganglia of the lateral cords, lying at the points of junction 
of the roots of the sympathetic. 

3. The ganglia of the sympathetic, which are situated at the points 
of junction of this nerve with the cerebral nerves, and which modify 
the properties of the latter, and not those of the sympathetic. 


CHAPTER II. 

ON THE EXCITABILITY OP THE NERVES. 

The laws of animal excitability in general have been considered 
In the Prolegomena on General Physiology. 

This property of organised bodies,—excitability,—is also possessed 
by the nerves, both the general and special endowments of which 
are in every instance manifested under the influence of stimuli. 
Physiologists have not however merely to ascertain the laws govern¬ 
ing this general property, which, unfortunately, was the sole object 
that occupied the attention of Brown and his followers; but to in¬ 
vestigate the peculiar forces themselves which are susceptible of this 
excitation, and in this there is a great field opened for experimental 
science. In inquiring into the nature of the forces resident in the 
nerves, it is necessary to study the action of all kinds of stimuli upon 
them,—a method of inquiry which acquires for physiology an ex¬ 
perimental certainty similar to that which the science of physics and 
chemistry enjoy in reference to inorganic bodies. In chemical pro¬ 
cesses, reagents give rise only to products, combinations, and decom¬ 
positions; applied to organic bodies, and especially to the nerves, 
their effects, how various soever they themselves may be, are never 
other than manifestations of the forces proper to the organic body or 
tissue acted on, and, subsequently, changes in these forces or pro¬ 
perties; it will be seen that all influences acting on the nerves either 
excite them, or produce an altered state of their excitability; all 
stimuli, however different they may be from each other, act in the 
same manner; agents the most dissimilar produce the same effect, 
because that on which they act possesses but one kind of excitable 
force, and because they themselves act here by virtue of the same 
quality, that of stimuli. 

1. Of the Action of Stimuli on the Nerves. 

All stimuli, as well the internal organic as the inorganic,—the 
chemical, mechanical, caustic, and electro-galvanic,—when applied 
to parts endowed with sensation, or to sensitij^e nerves, the connec¬ 
tion of the latter with the brain and spinal cord being uninjured, 
produce sensations. All these different stimuli resemble each other 
in this respect,—that a certain degree of their action produces merely 
the phenomena of sensation, while their more violent action induces 

42* 
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changes in the force on which the sensibility depends. All stimuli, 
organic and inorganic, applied to the nerves of muscles, or to the 
muscles themselves, excite contraction of the latter; and this effect 
is produced, as well when the nerve is still in connection with the 
brain, as when its communication with the nervous centres is cut off. 
Nerves, therefore, have by virtue of their excitability the property of 
exciting contractions in muscles to which they are distributed; and 
this they do as long as the muscles preserve their vitality, and as 
long after death as they, themselves, retain their excitability. For 
the production of contractions in a muscle, by irritating its nerve, it is 
necessary that the latter shall not have lost its integrity between the 
point irritated and the muscle, although its connection with the brain 
or spinal marrow may not be preserved; while, on the other hand, 
all stimuli produce sensation in a nerve, whether it is entire or mu¬ 
tilated, as long as an uninterrupted communication subsists between 
the part irritated and the spinal cord or brain. 

a. Mechanical stimuli .—Every kind of mechanical irritation,— 
stretching, compressing, or puncture,—excites in sensitive nerves, 
under the conditions already mentioned, sensations; provided the 
mechanical influence,—for instance, the compression,—is not so vio¬ 
lent as to destroy the power of the nerve. Sensation ensues when¬ 
ever the extremities, branches, or stump of a divided nerve are 
irritated, if the connection of the nerve with the brain and spinal 
marrow is not interrupted. Mechanical irritation of the sensitive 
nerves of the trunk, and of their divisions, produces merely the varie¬ 
ties of common sensation, namely, pain, and the sensation of touch; 
irritation of the nerves of sight and the retina, on the contrary, gives 
rise to no pain, according to Sir C. Bell and M. Magendie, but to the 
perception of light, as we know from common experience of the 
effect of pressure or of a blow upon the eye. Mechanical impres¬ 
sions on the auditory nerve, such as are produced by the vibrations 
of sonorous media, or the jarring of the head and ear in long jour¬ 
neys, give rise to the sensation of sound, but not to pain, of which, 
it appears, the auditory nerve is not susceptible. 

So also, if with a needle we tear, prick, bruise, drag, or stretch 
a nerve distributed to a muscle, contraction of the latter is produced, 
and indeed as powerful a contraction as is excited by any galvanic 
or electric influence. The part of the nerve which is connected with 
the muscle, will still retain this power, however much we may cur¬ 
tail it; but irritation of the other portion of a divided nerve, that 
which is in connection with the spinal cord and brain, never excites 
contractions of the muscles. 

Mechanical irritation, when so violent as to injure the delicate 
texture of the primitive nervous fibres, deprives the nerves of their 
power of producing sensations, when irritation is again applied at a 
point more distant frory the brain than the injured spot; and in the 
same way, no irritation of a nerve distributed to a muscle is capable 
of exciting contraction of the latter, if the nerve has been compressed 
and bruised between the point of irritation and the muscle; the 
efl!ect of such an injury being the same as that of division. The sen- 
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sitive power of a nerve, therefore, is interrupted by any mechanical 
destruction of its texture between the brain and the part stimulated; 
and the motor power by the same injury affecting it between the 
irritated part and the muscle. But the mechanical injury produced 
by pressure destroys the power of the nerve only locally: irritation 
applied at any point between the injured part and the brain excites 
sensation; at any point between the injured part and the muscles, 
contraction of the latter. If, however, the nerve of a muscle is 
stretched violently in its whole length, it frequently loses its excita¬ 
bility to the same extent; and even the muscle sometimes in this 
case loses its irritability, and cannot be made to contract by any 
manner of stimulus. 

h. Temperature .—Heat and cold likewise excite sensation, and 
contraction of muscles. 

When heat is applied to the nerve going to a muscle, or to the 
muscle itself, contractions of it are produced. These contractions 
are very violent when the flame of a candle is applied to the nerve, 
an experiment which I have performed both in frogs and rabbits: 
while less elevated degrees of heat,—for example, that of a piece of 
iron merely warmed,—do not irritate sufficiently to excite action of 
the muscles. 

The application of cold has the same effect as heat; thus it is an 
old observation, that violent contractions of a muscle immediately 
ensue when cold water is injected into its artery; cold water applied 
to the surface of a muscle likewise causes it to contract. This action 
of cold on muscles has been taken advantage of in the practice of 
medicine; thus, in cases of atony of the uterus, and of uterine hemor¬ 
rhage after delivery, cold water has been injected into the vessels of 
the still adherent placenta. 

Sympathetic contractions of the iris are produced by drawing cold 
water into the nostrils. Great degrees of cold and heat, whether 
their application is sudden or gradual, destroy the nervous energy, 
and give rise to death or asphyxia. The action of cold or heat very 
gradually increased sometimes reduces the excitability to a latent 
state, producing the hybernation and summer sleep of certain ani¬ 
mals. 

The effect of the local action of an excessive degree of artificial 
cold or heat on the nerves, is the same as that of destructive me¬ 
chanical irritation. The sensitive tnd motor power in the part is 
destroyed, but all the other parts of the nerve retain their excitability; 
and, after the extremity of a divided nerve going to a muscle has 
been burnt, contractions of the muscle may be excited by irritating 
the nerve below the burnt part: of this I have convinced myself by 
experiments on frogs and rabbits. 

c. Chemical stimuli .—All chemical irritants excite the sensitive 
power of the nerves, as long as the connection of the latter with the 
brain and spinal cord has suffered no interruption. Alkalies excite 
contractions of the muscles likewise when applied to their nerves; 
many other reagents, particularly the acids and metallic salts, for 
example, the mineral acids,—sulphuric, nitric, and muriatic acids, 
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bichloride of mercury, and muriate of ammonia, and moreover 
alcohol, do not excite the slightest contraction of the muscles when 
applied to the nerves, but must be applied to the muscles them¬ 
selves. All these substances in a concentrated state destroy the 
power of the nerve at the point to which they are applied, so that 
irritation by other stimuli is incapable of exciting their motor action, 
unless applied between the injured spot and the muscles. All the 
substances named have likewise a destructive action on the muscular 
substance, but excite contractions at the moment of their application; 
the last effect is least marked in the case of alcohol, though I have 
perceived it some few times in rabbits. 

The most violent contractions of the muscles, often much stronger 
than those produced by the galvanic influence of a single pair of 
plates, are excited by touching the nerves with alkalies. I, as well 
as the Baron A. von Humboldt, have seen this effect from caustic 
potash. Humboldt* has seen the tremor of the muscles continue 
forty or fifty seconds. He likewise observed that the twitchings of 
the muscles were produced, although one or more ligatures had been 
placed on the nerve. In this case the ligatures formed a conducting 
medium for the alkali. Humboldt could produce no contractions by 
means of acids; the only substances which, according to him, excite 
contractions of the muscles when applied to the nerves, are potash, 
soda, ammonia, opium (?), muriate of barytes, arsenic acid, tartrate 
of antimony, alcohol (?), and chloric acid (?). 1 have seen no 

twitchings of the muscles follow the application of the two last- 
mentioned substances, or of opium alone, in the state of watery 
solution, to the nerves. Humboldt employed the tincture of oi)ium, 
so that the effect might have been owing to the spirit; but yet, in 
one experiment, which I performed with the tincture of opium, no 
contractions of the muscles were excited. Chemical irritants intro¬ 
duced into the blood likewise act on the excitability of the nerves. 
Thus, it is well known that emetic substances introduced into the 
blood-vessels produce the same effect as when taken into the sto¬ 
mach; tartar emetic and muriate of barytes applied to wounds 
excite vomiting.t 

d. Electric stimuli.X —Electricity produces in the nerves the same 
phenomena of reaction that follow the application of mechanical 
and chemical stimuli. Mechanical violence, as in striking the ulnar 
nerve at the elbow, gives rise to the sensation of a shock; and the 
same sensation is felt when an electric discharge is passed through a 
nerve. But this effect must be regarded merely as a sensation; as a 
mode of reaction of the nerve, with which its cause, the electricity, 
must not be confounded. The sensation of the blow or shock is not 
the action of the electricity, but is the action of the nerve, which 

* Versuche fiber die gereizte Muskel-und Nerven-faser. Posen, 1799. Bd. ii. 
p. 363. 

f Scheel, Nordlsches Archiv. 2. St. 1. p. 137.—Magendie, sur le Vomisse- 
ment, pp. 16-30.—Brodie, Philos. Transact. 1812. 

X See the article by J. Muller in the Encyclop. Wdrterbuch der Medicin. 
Wissenschaften. 



GALVANIC EXPERIMENTS. 


501 


becomes the seat of this sensation whenever a violent change in the 
state of its component parts is produced either by animal or me¬ 
chanical stimuli, or by electricity. 

The discovery of galvanic electricity in 1790 has been the oc¬ 
casion of the excitability of the nerves being more investigated, 
namely, by the application of the stimulus of electricity to indivi¬ 
dual nerves; but in this important agent we have not l3ecome ac¬ 
quainted with a fluid similar in its action to the nerves, but merely 
with a new stimulus of the nerves in addition to those already 
known. Different metals, and many other bodies, even animal sub¬ 
stances of heterogenous composition, when brought into contact, are 
thrown into a state of electric tension, which ceases when the two 
bodies are made to communicate at other points through the medium 
of a conducting subtance,—that is to say, when the circle is closed,— 
the equilibrium being then restored; and if a reagent for electricity 
forms part of the circle, the phenomena peculiar to electricity ensue. 
The leg or any other muscular part of a frog or other animal lately 
killed being separated from the body, the muscles laid bare, and the 
nerve dissected out, but left connected by its branches with the mus¬ 
cles, if the part so prepared be laid upon an insulating plate of glass, 
and two different metals—for example, zinc and copper,—brought 
into contact with each other, and at the same time with the nerve 
and muscle, a contraction of the muscle takes place at the moment 
that the circle is closed, and frequently also when it is again inter¬ 
rupted. The same effect is produced when the two metals, while in 
contact with each other, are made to touch at the same time the 
nerve or the muscle only. The experiment, as here described, 
always succeeds. There are many other more simple modifications 
of the experiments with galvanism, the knowledge of which we 
owe to the excellent labours of Aldini, Pfaff, Ritter, and, above all, 
of Humboldt: but these succeed only when the frogs are in a state 
of great excitability, namely, before the pairing season, in the cold 
part of the year after hybernation, and, according to my observation, 
in the autumn, when the atmosphere'is again becoming cold—but 
not in the summer. These more simple experiments are the most 
important with reference to the theory of the phenomena produced; 
they are the following:— 

1. Experiments in which the galvanic circuit is not formed .— 
Humboldt has discovered, that when the excitability of the frogs is 
great, it is sufficient that two portions of different, or even of the 
same metal, should touch each other, and that one of these be brought 
into contact with the nerve, no circuit being here formed; and it 
sometimes happens indeed, though very rarely, (I have, however, 
myself observed it,) that the frog’s limb being very excitable, the 
mere contact of the nerve with a single homogeneous portion of 
metal will excite muscular contraction. Pfaff [Gehler’s Physikal. 
Worterbuch, iv. 2, p. 709,) saw twitchings produced by merely 
bringing the end of the divided nerve into contact with the surface 
of quicksilver; and I witnessed the same phenomenon several times 
on touching the nerve with the point of a pair of scissors, or of a plate 
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of zinc, which I held in my hand, and which consequently was of 
different temperatures at its two ends. 

2. Experiments with the galvanic circuit. —The experiments of 
this kind also may be reduced to a very simple form when the frogs 
are in a state of great excitability; it is, however, only in the colder 
seasons of the year,—in the winter, spring, and autumn,—that they 
succeed. Thus, contractions of the muscles are sometimes produced, 
as Humboldt discovered, when the circle is formed of animal sub¬ 
stances only, or when it is formed of animal substances and a single 
metal, the place of the heterogeneous metals being supplied by hete¬ 
rogeneous animal substances. 

A. The circle may consist of a single metal with the nerve and 
muscle of the frog’s leg. In this experiment I succeeded very fre¬ 
quently and readily in the spring, before the frog’s pairing time, and 
in the latter part of the autumn. (See page 71.) The usual effects 
were produced still more readily when I interposed a piece of the 
flesh of a frog between the zinc plate and the muscle of the leg, or 
when my own body formed part of the circle. (Page 71.) 

B. The nerve and muscle of the limb may be connected merely 
by moist animal substance: the nerve, dissected out, being brought 
into communication with the muscle by means of a separate piece 
of muscle fixed to an insulating-rod of sealing-wax, contractions of 
the muscles are excited. This was first observed by Humboldt, and 
I have.several times performed the experiment with success. I have 
made the experiment also in another similar but more complicated 
manner, either closing the circle with my own body, by touching the 
leg and the nerve of the thigh with my hands, or connecting the leg 
and ischiadic nerve by means of one or two living frogs, or one or 
two dead frogs, or by portions of the body of a frog. When sufficient 
excitability is present, pieces of the body even of a dead and putrid 
frog are adequate to complete the circle. The same effect is pro¬ 
duced likewise, as I have found, by allowing the ischiadic nerve to 
hang from the leg into a saucer containing either blood or water, (it 
matters not which,) the fluid and the muscles of the thigh being 
brought into connection by means of a portion of fresh or putrid 
flesh. 

C. Circles of animal substance merely have been shown by Hum¬ 
boldt to excite twitching, when only the nerve of the limb, and not 
the muscles, are included in the circuit. Humboldt touched the 
ischiadic nerve with one hand, and at the same time brought a piece 
of muscular substance, which he held in the other hand, into contact 
with the same nerve; twitchings of the muscles were produced. 
When a piece of ivory was used in place of the muscle no twitching 
followed. 

D. Slight twitches of the muscles likewise ensue sometimes, 
(though this is the experiment which produces them most rarely,) 
when the nerve is bent back, and made to touch the muscle with 
which its branches are organically connected. 

The first phenomena of this kind were observed by Humboldt. 
He stripped a frog of its skin, removed all the parts between the 
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pelvis and end of the spinal cord, with the exception of the nerves 
of the lower extremities, which were therefore connected with the 
trunk by the nerves alone, and now carried forwards tlje lower ex¬ 
tremity so as to make the muscle of the thigh touch softly the nerves 
just,mentioned: violent contractions of the muscles were produced. 
{Humboldt, uber die gereizte Muskel-und Nerven-faser, i. p. 32.) 

To a similar experiment performed by Galvani, it was objected 
by Volta, that the contractions of the muscles were the effects of the 
mechanical stretching of the nerve, and consequently were not to be 
regarded as a galvanic phenomenon. According to my observation, 
this is likewise the case in M. Humboldt’s experiment; I found that 
the contraction of the muscles frequently took place long before the 
nerve and the surface of the limb came into contact. 

The following may be regarded as the general conditions neces¬ 
sary for the production of muscular contractions by galvanic 
influence. 

When the galvanic circle is used, there must be three substances, 
—two excitors of electricity, and a conductor connecting them. The 
exciters may be heterogeneous animal substances living or dead, 
such as nerve and muscle, or muscle and skin. The conductor like¬ 
wise may be a third animal substance; and even of the same nature 
as one of the excitors; thus a portion of a nerve, and the muscle and 
nerve of the limb in which they are organically connected, are 
adequate to constitute a galvanic circuit; but the muscle and.nerve 
of the limb, without the aid of a third body, whether similar to 
one of them or not, are insufficient. The nerve being bent back, 
and brought into contact with the muscle of the leg, causes no 
twUchings, unless the skin of the leg remains interposed between the 
nerve and muscle; but a third substance, even though similar in na¬ 
ture to either the muscle or nerve, if not organically connected with 
them, is capable of forming with them a galvanic circle, and of ex¬ 
citing muscular contractions; this third substance, we have seen, may 
be a separate portion of nerve or muscle. 

When the electro-excitors are both metals, the nerve and muscle 
of the limb are at the same time conductors (like all moist sub¬ 
stances) and electrometers, the nervous principle being excited to 
action by the stimulus of the electric fluid. They constitute an elec¬ 
trometer in this case, in the same way that inorganic instruments, 
such as the magnetic multiplicator, are electrometers under similar 
circumstances. When the nerve and muscle of the limb become 
electro-excitors, they also act at the same time as an electrometer. 
When the contractions of the muscles are excited, not by a galvanic 
circuit, but by the mere application to the nerve of two heterogeneous 
metals which are in contact with each other, or of a single metal, the 
nerve must be regarded as an electrometer merely, which indicates 
the existence of electric tension in two metals of different kinds, or 
in one metal in a thermo-electric state. 

The nerves, when excited by galvanism to the production of 
muscular contractions, do not act as mere conductors of the elec¬ 
tricity. —This is proved by the fact that the muscles can be excited 
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to action by applying both poles of the circle to the nerve, so as to 
direct a galvanic current through it transversely, if the texture of the 
nerve is soupd between the point galvanised and the muscle; while, 
if, at any intermediate point, its texture has been destroyed by 
bruising or by a ligature being applied, the action of the galvanism 
on the muscles is prevented. A nerve, therefpre, which is contused 
or tied with a moist thread, is unable to conduct the active nervous 
principle. Nevertheless, when thus injured, it is as good a conduc¬ 
tor of electricity as before: for if one of the poles of the galvanic 
circle is applied above the ligature, and the other below it, the elec¬ 
tric current passes through the ligatured part; and the nervous 
principle of that part of the nerve which is situated between the 
ligature and the muscle being within the circle, and therefore irri¬ 
tated by the electric current, excites the muscles to contract. It is a 
remarkable circumstance, which Humboldt first observed, that when 
it is desired to excite the contraction of a muscle by applying one 
pole of the galvanic circle to the muscle, and the other to its nerve 
which has been previously surrounded with a ligature, a certain 
extent of nerve must be left free between the point where it is tied 
and the muscle; for, if the ligature is applied too close to the muscle, 
the galvanic current fails to produce any effect till the nerve has 
been dissected out from the muscle for a certain extent. The effect 
on the muscles is likewise prevented, even when there is between 
them and the ligature a free portion of nerve, by surrounding this 
with some pieces of muscle, wet sponge, or metal. It appears, 
therefore, that, in the mode of operating mentioned by Humboldt, 
the nerve between the muscle and the ligature must be insulated. 

In all experiments in which the legs of frogs are submitted to gal¬ 
vanism, the contractions of the muscles are stronger in proportion to 
the length of the nerve going to them (Pfaff). The effect of the 
galvanic stimulus extends always in the direction from trunk to 
branches: when both poles of a galvanic circle are applied to a nerve, 
no contractions are excited in muscles supplied by branches which 
come off from the nerve at a higher point; but all the muscles are 
thrown into contraction which receive branches from the nerve be¬ 
low the part galvanised. The strength of the muscular contraction 
always depends on the number of nervous fibres which lie within 
the galvanic circle: hence the contraction is most trifling when the 
muscle alone is included in the circle; only that part of the muscle 
then acts, the nervous fibres of which are exposed to the galvanic 
current. Hitter and other physiologists have observed that, during 
the gradual loss of irritability which takes place in parts separated 
from the body, all parts of the nerve do not fail in their irritability 
with the same rapidity, but that the decline advances by degrees 
from the cerebral extremity of the nerve along its branches. 

Some nerves^ which are distributed to muscles, are nevertheless 
incapable of exciting muscular contractions under the influence of 
the galvanic stimulus, both poles of the circle being applied to the 
nerves themselves. —This is the case with the posterior roots of the 
spinal nerves, while the anterior are excessively susceptible of the 
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galvanic stimulus. 1 have likewise shown by experiment that the 
same stimulus excites no motor action when applied to the gustatory 
branch of the fifth nerve. This extraordinary result may be ex¬ 
plained in either of two ways: namely, by supposing that the motor 
roots alone have the vital endowment of causing the muscles to con¬ 
tract, or by admitting, what is possible, that the motor roots transmit 
impressions in the centrifugal direction only, the sensitive roots only 
in the centripetal direction. 

The stirmiliis of galvanism excites in all the organs of sense 
different sensations —in each organ, namely, the sensation proper 
to it. —The peculiar taste produced by including the tongue in a gal¬ 
vanic circle is well known. When a piece of zinc is applied to the 
point of the tongue, and silver to its back part, an acid taste is pro¬ 
duced, which is rather sharp or alkaline when the metals are reversed. 
The same result may be obtained by using only one metal and a 
moist substance as an exciter of electricity, as in the following ex¬ 
periment described by Volta:—A pewter cup filled with soap and 
water, lime and water, or, still better, with a moderately strong ley, 
being held with one or both hands previously moistened with water, 
and the point of the tongue brought into contact with the fluid, the 
sensation of an acid taste is immediately perceived. Pfaff {loc. 
cit.) remarks, with reference to this experiment, that it appears 
to prove that the taste excited by the action of galvanism on the 
tongue is not owing to the decomposition of the muriate of soda of 
the saliva, and the disengagement of the acid at the positive, and of 
the alkali at the negative pole; for here the tongue being brought 
into contact with an alkaline fluid, the saliva could not have become 
acid. In fact, the taste produced by galvanism is, like all sensations 
of taste, the result of the specific reaction of the gustatory nerve; a 
particular taste therefore is only an internal condition excited in the 
nerve, and not a property of the stimulus which produces it. It has 
not at present been much observed whether peculiar smells are pro¬ 
duced by the application of galvanism to the olfactory organ; Ritter, 
{^Beitrilge zur ndheren Kenntniss des Galvanismus, p. 160,) how¬ 
ever, has perceived them; and it is a known fact, that the electricity 
excited by friction gives rise to the smell of phosphorus. 

In the eye, a feeble galvanic current excites the special sensation 
of the optic nerve, namely, the sensation of light. Ritter and Pur- 
kinje have shown how the sensations of colours are excited in the 
eye. The sensation of light in the eye thus produced is not a de¬ 
velopment of the matter of light, but is merely the reaction of the 
optic nerve, which is susceptible of the sensations of light and colours 
only, but not of pain. It is a particular state of the optic nerve, just 
as pleasant and painful sensations are particular states of the nerves 
of common sensation. This view of the nature of the appearances of 
light in the eye has been established by the ex[)eriments of Pnrkinje 
and myself, and is also adopted, we observe, by physical itiquirers of 
the first rank,—for example, by Pfaff. 

In the auditory nerve, electricity produces the sensation of sound. 
Volta states that, when the poles of a battery of forty pairs of plates 
43 
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were applied to his ears, he felt a shock in his head, and a few mo¬ 
ments afterwards perceived a hissing and pulsatory sound like that 
of a viscid substance boiling, which continued as long as the circle 
was closed. {Philos. Transact. 1800, p. 427.) Ritter relates that, 
on closing the galvanic circle when both his ears were included in it, 
he was sensible of the sound of G- treble: if but one ear was —^ 
in the circuit, and the positive pole applied to it, the sound 
was lower than G; if the negative pole was applied to the 
ear, the sound was higher. 

2. Of the changes produced in the excitability of the nerves by 

stimuli. 

Thus far we have considered merely the reaction of the nervous 
forces under the influence of stimuli. We have now to investigate the 
changes which these forces themselves undergo. All stimuli, which, 
by producing changes in the peculiar matter of the nerves, excite 
reaction of them, are also capable of modifying their state of excita¬ 
bility. Reaction is always attended with an expenditure of power; 
it is the result of the change produced in the organic matter, which 
is greater in proportion to the duration of the excitement. During 
a normal state of life the excitation is never so great that, in conse¬ 
quence of the change induced, the faculty of manifesting the vital 
faculties is perceptibly injured. The daily changes in the system, 
consequent on the action of stimuli, are counterbalanced by the pro¬ 
cesses of nutrition. But if the action of the stimulus is more violent, 
a longer time is required for restoration to be effected, and the in¬ 
tensity of the excitement may be such as to exhaust the whole vital 
force of the organ. We are daily made conscious of these laws in 
the exercise of our power of muscular motion, of the generative func¬ 
tion, and of the mental faculties, they are also exemplified in the 
effects of the immediate application of stimuli to the nerves. If a 
nerve is submitted to the long-continued action of galvanism, the 
muscular contractions, which are excited, become more and more 
feeble, until at length they cease, and some time elapses before they 
can be re-excited; the nervous power, in fact, must first have been 
restored by the contact of the blood. It is the same with sensations. 
Tlie longer the eyes are fixed upon a coloured object, the less dis¬ 
tinct becomes the colour, till at length it is lost and the object appears 
gray; the retina acted on by the stimulus of light becoming exhausted, 
and at last insensible. In all these cases the exhaustion of the ner¬ 
vous excitability is the effect of the previous excitement, and not of 
any peculiar action of the exciting influences. The irritability may, 
however, be exhausted immediately, without previous excitement, 
by a foreign agent acting at the cost of the organic combination, and 
destroying the nerve while it amiihilates the nervous power. This 
is the effect, for instance, of the most intense degree of electric action, 
as in lightning; of mechanical pressure likewise, by which the nerve 
and its primitive fibres are crushed: such also is the action of chemi¬ 
cal agents, which destroy the organic combinations of the nervous 
substance, and decompose it; for example, of the mineral acids, the 
metallic salts, and pure alcohol. 
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If this external influence acts on all the nerves of the body simul¬ 
taneously, as is done by the electricity in lightning or in the dis¬ 
charge of a strong battery, or if the entire length of a nerve is 
extended and stretched, the irritability of the whole system or of the 
whole nerve is destroyed. If the influence be such as affects only 
one point of the nerve,—as when it is submitted to a caustic sub¬ 
stance, pressure, or contusion,—the nervous power is destroyed in 
this point only, and between it and the muscle the nerve is still sus¬ 
ceptible of being excited to motor action. 

Heat and cold, when their action is not carried beyond a certain 
degree of intensity, nor continued beyond a certain time, are stimu¬ 
lants; but if their action be more violent and long continued, they 
have a contrary effect. 

Cold, which, like heat, is capable of exciting inflammation and 
gangrene, benumbs the limbs, or deprives them of sensation and 
motion. This effect may be either local or general. The local 
action of heat, when it does not produce inflammation and mortifi¬ 
cation, appears to excite, and not to benumb; but the general long- 
continued influence of heat is also productive of exhaustion of the 
nervous functions. 

In the case of some influences which destroy the nervous power, 
a transitory excitement seems to precede the destruction of the ex¬ 
citability; this is the case, for example, when a nerve is crushed, or 
when an alkali is applied to it. The same phenomena of excitement 
are still more evident in the effects of a great part of the substances 
called narcotics, the principal action of which appears to be the pro¬ 
duction of a change in the composition of the nerves, and, when very 
intense, the abolition of the nervous power. 

A large class of substances have, in the state of solution, a 
specific influence on the nerves, destroying their power, although 
they have no particular chemical properties as tested by reagents, 
and have not a solvent action on organic compounds generally. 
These are the alterantia nervina’^ or “narcotics.” They all pro¬ 
duce a change in the component matter of the nerves. Some—for 
example, opium and mix vomica—are in small doses stimulant, 
their depressing action being less marked; but all, when given in 
large doses, immediately deaden the excitability by producing 
change in the nervous matter. That such a change, not recog¬ 
nisable by our senses, nor by chemical tests, is really produced in 
the nervous matter, is probable, and it is necessary to adopt the sup¬ 
position: but the only sign which we have of it is the loss of 
nervous power; the nerve which is paralysed by the narcotic—at 
least, when a watery solution of a mere narcotic, for instance, of 
opium, is used,—differs externally in no respect from a sound 
nerve. But that narcotic poisons are able to produce changes in 
the nervous matter is proved by the observation of Fontana, that 
some of them,—the Ticunas poison, and the poison of the viper,— 
when added to the blood, fresh drawn from the body, deprive it of 
its property of coagulating; while the poison of the viper also has 
the contrary effect when introduced into wounds in living animals, 
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inducing the coagulation of the blood in the vessels even during 
life. 

Before investigating more closely the action of narcotics on the 
nerves, we will inquire whether there are not substances capable of 
producing exaltation of their quality of excitability. 

1. Renovating stimuli. —Earlier experiments seemed to favour 
the conclusion that many substances have the property of increasing 
the nervous power, and they thus promised results of great im¬ 
portance to practical medicine.* But the more powerful action of 
galvanism, after the nerves have been moistened with solution of 
chlorine or with alkaline solutions, does not prove that these fluids 
increase the excitability of the nerves, but merely that the galvanic 
action is stronger; and Pfatf {Nordisch. Archiv. Bd. i. p. 17,) has 
shown that the majority of such substances act by forming part of 
the galvanic circle, and by increasing the energy of the galvanic 
stimulus; they act, therefore, though more powerfully, yet in the 
same manner as water, which as a conductor is necessary to gal¬ 
vanic action. Medicine has ceased to expect any benefit from 
medicinal substances in the tvay of strengthening the nervous 
energy; the pretended virtties of such remedies are displayed no- 
luhere but in the treatises on Materia Medica. (, 

There are stimulants, it is true, in abundance; but they can 
strengthen the nerves only by promoting the reproductive process of 
nutrition in them. The remarks on the action of stimulants generally 
in the Prolegomena have equal force in the case of stimulants of the 
nerves. 

2. Alterant stimuli. —Such are the narcotics, which, while they 
stimulate, seem to produce a change of composition in the nervous 
matter. It is by virtue of the latter property that in small doses 
they are useful in cases of paralysis, where they either remove 
slight deviations from the normal state of the nervous matter, or 
produce such a change in it as enables nature to effect the cure. A 
more violent action of the alterantia nervina, or narcotics, is imme¬ 
diately destructive. 

The change produced in nerves by the immediate application to 
them of a poison, causing paralysis, is not preceded nor accompanied 
by any signs of excitement, such as muscular twitchings. The ap¬ 
plication to the nerves themselves, in a rabbit, frog, or toad, of a 
watery solution of opium, of strychnine, or of spirituous extract of 
nux vomica, has, in my experiments, never excited muscular cbn- 
tractions; and I doubt if a narcotic applied directly to a nerve ever 
excites contractions of muscles; it must, I believe, act through the 
medium of the spinal marrow and brain. Strychnine, applied in 
powder to the moist spinal cord of the frog, excites no twitchings of 
the muscles; it must first enter the circulation, and thence act on the 
spinal cord, which transmits the influence to the nerves. Hence, 
when an animal is poisoned with opium or strychnine, if the nerves 
of an extremity are divided, the spasms in that limb cease; and if a 


* See Von Humboldt’s Versuche fiber die gereizte Muskel und Nerven-faser, 
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portion of the spinal cord of an animal is destroyed before poisoning 
it with the upas ticuti, or anguslura, all the parts which received 
their nerves from that part of the cord are exempted from the con¬ 
vulsive muscular contractions which ensue. These experiments prove 
incontestably that the narcotics do not excite contractions of the mus¬ 
cles by their direct action on the nerves, but through the medium of 
the spinal cord and brain. 

There remains, however, another question for consideration; it is, 
whether narcotic poisons cannot, by their own action on the nerves, 
exhaust the irritability of the latter by an influence analogous to 
that of chemical stimuli. This question has been incorrectly con¬ 
founded with the former, and an error has been committed in giving 
to both the same answer. 

Narcotic poisons, when they paralyse the sensitive and motor 
powers of the nerves, must usually act, through the medium of the 
blood, on the brain, spinal marrow, and nerves; having been ab¬ 
sorbed into the capillary vessels. Their second mode of action, 
which is less rapid and more circumscribed, is by destroying locally 
the nervous power. 

Action of narcotic poisons through the medium of the blood .— 
It was formerly imagined that the general eflects of the local appli¬ 
cation of narcotic poisons arose from the local injury being propa¬ 
gated through the nerves. 

But the experiments of various physiologists, detailed at pages 
253-254, tend to prove that the rapid general action of local poison¬ 
ing is not effected through the medium of the nerves; but that the 
poison enters the blood, and is with it distributed to all the organs of 
the body. It is likewise susceptible of proof that the general symp¬ 
toms of poisoning are principally owing to the action of the blood, 
impregnated with the deleterious substance, on the central organs 
af the nervous system, 

1. After death produced by poisoning, the nerves and muscles are 
found to retain their irritability for a considerable time. 

2. Ligature of the arterial trunk of an extremity does not exempt 

the latter from participating in the general effects of a poison sub¬ 
sequently administered, of which the action produces muscular 
spasms, Lund, Vivisectionem,\).\09.) Paralysis of the heart, 

which Wilson Philip observed to be caused in frogs by the application 
of infusion of tobacco or opium, will not, as Lund remarks, account for 
the Symptoms of general poisoning; for frogs live many hours after 
their heart is cut out. The lungs, again, are not the organs princi¬ 
pally affected; for supplying artificial respiration does not save the 
animal. While, on the other hand, if, in an animal poisoned with 
opium, strychnia, upas, or angustura, the nerves of an extremity are 
divided, the spasms in that part cease; so, also, destruction of a por¬ 
tion of the spinal cord puts a stop to the convulsions in parts, the 
nerves of which arise from that portion of the cord. Opium, and 
the poison of serpents, appear to affect the brain and spinal cord 
equally: strychnia and the various poisons of the genus strychnos, 
and the poison of angustura, act more especially on the spinal cord; 

43* 
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for tetanus and paralysis are the principal symptoms, and they con¬ 
tinue, as Backer has shown, after division of the cord, in the parts 
supplied by nerves which come off below the section, although 
division of the nerves themselves puts a stop to them. The convul¬ 
sions of the whole body, consequent on poisoning with angustura, 
continue likewise when the brain is wholly removed; the convulsive 
twitches being still seen even in the ears. 

The following experiment which I have performed on frogs, and 
which on repetition affords the same results, is very instructive. 
Having divided all the vessels and muscles of the thigh, and sepa¬ 
rated them from the bone, leaving the nerve uninjured, I poisoned 
the frog with mix vomica. The irritability of the sound leg was lost 
much sooner than that of the leg of which the muscles and vessels 
had been divided. After the usual effects of narcotic poisoning in 
frogs—namely, the state of excitability in which a slight touch gene¬ 
rally excites convulsions—had ceased, the muscles of the calf of the 
injured leg still contracted on my touching any point of the surface 
of the body; the leg, therefore, which received no blood was sensible 
to the influence of the spinal cord much longer than the other limb, 
the nerves and muscles of which had been exposed to the action of 
the poison circulating in the blood; so that it is going too far to 
maintain that poisons act on the central parts of the nervous sys¬ 
tem only; for they act likewise on the nerves through the medium 
of the circulation. The general effects produced by the action of 
the poison on the spinal cord, however, are, first, convulsions, and 
then paralysis; while its action on the nerves gives rise to no con¬ 
vulsive muscular contractions, but gradually destroys the nervous 
excitability.* 

Local action of narcotic poisons on the nerves .—Certain as it is 
that the general effects of poisoning depend on the absorption of the 
substance into the blood, nevertheless the local action of poisons on 
the nerves cannot be denied. 

Humboldt, Wilson Philip, and Brodie have shown that tincture of 
opium and infusion of tobacco paralyse the heart. In Humboldt’s 
experiment the action of the heart was first accelerated, and then 
ceased altogether, and the accelerated action was perhaps owing to 
the effect of the spirit of the tincture. 

The most obvious case of local paralysis of nerves by a narcotic 
poison is the dilatation of the pupil, and loss of contractile power of 
the iris, consequent on the application of a drop of solution of ex¬ 
tract of belladonna. In this instance the poison reaches the iris, and 
the ciliary nerves which are distributed to it, by imbibition. It is 
evidently a local effect, and not in the slightest degree the result of 
absorption into the blood, for the pupil of the other eye is unaffected. 
The topical application of opium and morphia by frictions is likewise 
said to produce marked local effects, without any striking general 
action being manifested. The eflects of the poison of lead, in pro- 

* Compare Lund, op. cit. p. 112. Backer, Commentatio ad Quaestion. Phy¬ 
siol. Traject. ad Rhen. 1830. See also Stannius, in Muller’s Archiv. 1837, p. 223. 
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ducing paralysis of the hands, are also well known. To place the 
local action of narcotic poisons on the nerves beyond doubt, I dis¬ 
sected out the ischiadic nerve in a frog for a considerable extent, and 
let it hang in a solution of acetate of morphia; after a little time I 
found that the end of the nerve had wholly lost its excitability. The 
same was the effect of immersing the muscles in solution of opium, 
as Humboldt had already shown. I dissected out the ischiadic nerve 
in toads, and left the leg connected to the body by this nerve only, 
which, together with the leg, I then immersed in a strong watery 
solution of opium; in a short time the nerves and muscles lost all 
susceptibility of the influence of galvanic or chemical stimuli. 

The local influence of narcotic poisons on the nerves is therefore 
certain. We must now inquire whether this effect extends beyond 
the nerves and muscles immediately affected. I have instituted 
direct experiments which prove that the local action of narcotics on 
nerves which are laid bare, and insulated by dissection from other 
parts, remains limited to the point of application. 

1. In the first place, when the trunk of the ischiadic nerve is im¬ 
mersed in solution of acetate of morphia or opium, the paralysis 
does not extend to the muscles of the leg and their nerves. A 
mechanical or galvanic stimulus excites no contractions of the mus¬ 
cles when applied to the upper extremity of the nerve; but it does 
when applied to the lower part of the nerve, or to the muscles them¬ 
selves. The narcotic action, therefore, is not propagated from 
the trunk of a nerve to its branches. 

2. The narcotic action does not react from a particular point of 
a nerve on the brain. —I have already related experiments'in which 
the nerves of the lower extremity in toads had been deprived of all 
excitability by the action of narcotics, but in which the other parts 
of the body remained uninfluenced. Other observations, however, 
render it probable that a gradual reaction does take place; for, when¬ 
ever the nervous power of a part is exhausted, as by inflammation 
and mortification, exhaustion of the nervous power of the whole 
system gradually ensues. Hence we perceive an important differ¬ 
ence in the action of different influences on the nervous system; for, 

a. The stimuli, which excite a manifestation of the nervous force, 
act instantaneously through the whole length of the fibres which are 
irritated at any one point. The contraction of the corresponding 
muscles takes place at the very moment that the stimulus affects the 
nervous fibres, at whatever point of their course it is applied between 
the muscle and the trunk of the nerve; and sensation is excited with 
equal rapidity. 

b. The action of influences, on the contrary, which exhaust the 
excitability or power of the nerve, extends from its original seat very 
gradually to the sound parts of the nerve; and general symptoms 
slowly follow. 

Thus, loss of sight in an eye is gradually followed by atrophy of 
the optic nerve, which is likewise an effect of atrophy of the optic 
thalamus. Tabes dorsalis extends from below upwards. A violent 
injury of individual nerves is succeeded by a morbid state of the 
whole spinal cord,—namely, by tetanus. 
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3. Dependence of the nerves on the brain and spinal cord. 

It was known that, after the division of a nerve, the portion cut 
off from communication with the brain retains, for a certain time, its 
excitability; but the questions how far connection with the brain and 
spinal marrow is necessary for the longer preservation of the irritabi¬ 
lity of the nerves, and whether the muscles retain their irritability 
when their nerves no longer communicate with the central parts of 
ther nervous system, could not hitherto be answered with certainty, 
and had indeed been seldom mooted. Nysten [Recherches de Phy¬ 
siol. et de Chim. Pathol.) had asserted that the muscles of patients 
who died a short time after an apoplectic seizure preserved their 
irritability, and contracted under the influence of the galvanic stimu¬ 
lus, although the functions of the brain had been paralysed. I had 
good reason, however, for believing that in such cases the nerves 
retain their power only for a short time, losing it entirely after a 
longer interval; for, in experiments on the reproduction of the nervous 
tissue in a rabbit, I had once observed that the lower portion of the 
nervus ischiadicus, which I had divided some months previously, 
had lost all its excitability; and a similar fact had been before ob¬ 
served by Fowler. I have since performed, in conjunction with Dr. 
Sticker, new experiments, (see Dr. Slicker’s paper in Muller’s 
Jlrchiv. Bd. i. 1834,) which have completely confirmed that sup¬ 
position. 

These experiments prove at least that, when the communication 
of the nerves with the brain and spinal cord is wholly cut off, they 
gradually lose the power of exciting the muscles to contraction, while 
the muscles lose their irritability. The result would, however, have 
been still more decisive if, in place of a single pair of plates, a small 
galvanic battery had been employed to stimulate the nerves and 
muscles. That, and that alone, would have enabled us to determine 
with certainty whether all the power of the muscles, in two of the 
cases, had been lost. The experiments as they were made, how¬ 
ever, prove distinctly enough the necessity of communication with 
the brain for the preservation of nervous and muscular power. We 
may also conclude from them that if, after the division of a nerve, 
the excitability of the lower portion and the irritability of the muscles 
are restored, the nerve itself must have been completely reproduced, 
and that this will not have been the case if the nerve and muscle do 
not regain their vital properties. 

Some interesting observations by Dr. Marshall Hall {Medico- 
Chirurg. Transactions, yo\. xxii. and Muller’s Archivj 1839,) have 
explained the apparent discrepancy between the results of the fore¬ 
going experiments, and the well known facts, that strychnine ad¬ 
ministered to paralytic patients frequently excites movements soonest 
and most powerfully in the paralysed limbs, and that paralysed parts 
are subject to convulsions and tonic spasms. Dr. Hall confirms the 
statement that lesion of nerves at any point between the spinal cord 
and muscular parts to which they are distributed, causes the irrita¬ 
bility of those parts to diminish very rapidly; but he shows, on the 
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Other hand, that when the influence of the brain only is cut off’, either 
by division of the cord in animals, or by disease affecting the dorsal 
part of the cord or the cerebrum itself, the paralysed parts, being still 
in connection with the spinal cord, not only retain their irritability, 
as was stated by Prochaska, Nysten, and other physiologists, but can 
be excited to action by a galvanic stimulus much too feeble to cause 
motion in the corresponding sound parts. This latter result was 
obtained even in a chronic case of hemiplegia, where the paralysed 
limbs were much emaciated; so that the loss of excitability in mus¬ 
cles and nerves cut off from communication as well with the spinal 
cord as with the brain, cannot, Dr. Hall concludes, depend merely on 
their nutrition being interfered with, but the spinal cord must exert, 
independently of the brain, a direct influence in keeping up the ex¬ 
citability of the nerves and muscles connected with it. The question, 
why should motions be so much more easily excited in parts deprived 
of the influence of the brain only, than in parts not paralysed, will 
come under consideration in the chapter on the Functions of the 
Spinal Cord. 


CHAPTER HI. 

OP THE ACTIVE PRINCIPLE OP THE NERVES.* 

The older physiologists had no determinate ideas regarding either 
the nature of the nervous principle or the laws governing its action. 
They supposed that what they denominated “ nervous spirits” were 
transmitted from the brain through the nerves and their ramifications 
to the different organs. And when the actions of common electricity, 
and the modes in which it is conducted, became more fully known, 
physiologists imagined that the action of the nerves was rendered 
more intelligible by comparing them with electric apparatus. But 
it was not until the discovery of galvanism that the grounds of this 
and similar hypotheses were submitted to an exact inquiry. 

Although it is now certain that the phenomena produced in animals 
by galvanism are not due to an animal electricity, still many physio¬ 
logists and men of science have not ceased to regard electricity and 
nervous power as principles in a certain degree similar. A closer 
inquiry, however, shows that they are totally different. The expe¬ 
riments of Dr. Ure, and those of Dr. Wilson Philip, have among 
others given rise to misconceptions. In Dr. lire’s experiments, one 
of the wires connected with a galvanic battery of two hundred and 
seventy pairs of plates was applied to the spinal cord laid bare in 
the body of a criminal who had died, by hanging, an hour previously, 
while the other wire was applied to the ischiadic nerve. At the 
moment that the circle, was closed, the muscles of the trunk were 
thrown into contraction as in a violent shudder. The motions of a 

* From J. Muller’s article in the Encyclop. Worterbuch der Medic. Wissensch. 
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laboured respiration, with the alternate rising and falling of the ab¬ 
domen, were imitated by including between the wires the phrenic 
nerve and diaphragm, and alternately opening and closing the circle. 
In the same way horrid grimaces of the features were produced. 
But in all this there was nothing more extraordinary than in the 
most common galvanic experiment, except that the human body was 
the subject of it. The experiments of Dr. Wilson Philip, in like man¬ 
ner, by no means justify the conclusions drawn from them. 

The neurilema and the surrounding parts being moist, electricity 
would not remain insulated in the nerves, were it in action in them. 
It has, indeed, been imagined that the nerves have an insulating pro¬ 
perty. Fechner compares the nervous fibres to conducting wires 
covered with silk. But the neurilema itself is an excellent conductor 
of the galvanic fluid, and the nerves, as we shall show, have not a 
greater conducting power than other moist animal textures; for the 
galvanic current does not necessarily follow the ramifications of the 
nerves; it is only the nervous principle which takes that course. 
The galvanic current is conducted off from the nerves by the neigh¬ 
bouring tissues as readily as it is conducted by the nerves themselves, 
if a more direct course to the pole is thus afforded. Again, the pas¬ 
sage of the nervous principle is interrupted by a ligature, while this 
has no effect on the transmission of the galvanic fluid. 

Electricity is known by the bodies which insulate it, and which 
are conductors of it; these are its sole and certain tests, and in respect 
of them the nervous principle differs from it, and consequently cannot 
be identical with it. Other proofs, however, derived from properties 
of the nervous principle already alluded to, may be adduced; such 
as the following:— 

Nerves, even when perfectly dead, are, like all moist animal tex¬ 
tures, still capable of conducting the galvanic fluid, though they have 
lost the power of exciting contractions in muscles. 

The experiments of myself and Dr. Sticker have shown that, when 
the vital influence of the nerves on the muscles has been interrupted 
for any considerable period, the stimulus of a simple galvanic circle 
is incapable of exciting their contraction. We found this to be the 
case in Mammalia, in which we had several months previously 
divided the nerves in such a manner as to prevent their perfect re¬ 
union. 

The discovery of electro-magnetism has furnished us with the most 
delicate galvanometers. 

Vavasseur and Beraudi* were deceived when they asserted that 
needles passed through the nerves of a living animal become mag¬ 
netic, so as to attract iron filings. So also was M. David when he 
thought that galvanic phenomena were elicited by similar means. 

The most recent experiments performed with the aid of the gal¬ 
vanometer are those of M, Person,! who, although the action of his 
instrument was most delicate, fiiiled, like Prevost and Dumas, to 
detect electric currents in the nerves. 

* Annnli Universali di Med. Mag^io, 1829; and Froriep’s Notiz. No. 538. 

f Sur I’hypotheso des Courans Electrics dans les Nerfs. Journ. de Physiol, t. 
X. 1830. 
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The conclusions which must be drawn from an extended inves¬ 
tigation of the question, diVe: —1. That the vital actions of the nerves 
are not attended with the development of any galvanic currents 
which our instruments can detect. 2. That the laws of action of the 
nervous principle are totally different from those of electricity. 3. 
To speak, therefore, of an electric current in the nerves, is to use 
quite as symbolical an expression as if we compared the action of 
the nervous principle with light or magnetism. Of the nature of the 
nervous principle we are as ignorant as of the nature of light and 
electricity; while with its properties we are nearly as well ac¬ 
quainted as with those of light and other imponderable agents. 
However much these various principles differ from each other, the 
same question applies to all; namely, are their effects produced by 
currents of an imponderable matter travelling through space, or 
by the undulations of a fluid? The decision as to which theory is 
correct in the cases of the nervous principle, is at present a matter 
not affecting the study of the laws of its action; just as the laws of 
optics must remain the same, whichever theory of the nature of light 
be adopted. 


SECTION II. 

OF THE NERVES OF SENSATION, THE NERVES OF MOTION, AND THE 
ORGANIC NERVES. 

CHAPTER I. 

Of the sensitive and motor roots of the Spinal Nerves* 

The fact that the same nerves supply the body with sensitive and 
motor power, and that one of these functions of a nerve may, in con¬ 
sequence of paralysis, be lost while the other is preserved, is one of 
the most important in Physiology. Sir Charles Bell first conceived 
the ingenious idea that the posterior roots of the spinal nerves, which 
have upon them a ganglion, are the source of sensation; the anterior 
roots, the source of motion; and that the primitive fibres’ of these 
roots after their union are mingled in one trunk, and thus distributed 
for the supply of the skin and muscles. This view he proposed in 
1811, in a treatise entitled “An idea of a New Anatomy of the 
Brain, submitted for the Observation of the author’s friends.” Eleven 
years later, the same theory was advanced by M. Magendie, to 
whom, however, the merit belongs of having first subjected it to the 
test of experiment in the case of the spinal nerves.t M. Magendie 

* Principally derived from the papers of J. Muller in Froriep’s Not. Nos. 646 
and 647, and in the Annal. des Sc. Nat. 1831. 

f This statement is incorrect. Sir C. Bell, in his first Essay above referred to, 
had recorded an experiment on the roots of the spinal nerves in the following 
words:—“ On the laying bare the roots of the spinal nerves, I found that 1 could 
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maintained, as the result of his experiments, that division of the pos¬ 
terior roots of the nerves deprived the corresponding parts of the 
body of sensation only, while division of the anterior roots deprived 
them of motion. M. Magendie’s results were only approximative. 
He asserted that the posterior columns of the spinal cord, and the 
posterior roots of the nerves, supplied sensation principally; the ante¬ 
rior, principally motion; but that the latter were not wholly devoid 
of sensitive power. Thus, in his experiments, the application of gal¬ 
vanism to the posterior roots of the spinal nerves after their separa¬ 
tion from the spinal cord, excited contractions of the muscles, though 
these were but feeble; while the same stimulus applied to the ante¬ 
rior roots gave rise to violent muscular spasms,* These experiments, 
performed on the higher animals, are the most cruel that can be 
imagined. The extensive wound necessary for laying open the 
spine in sufRcient length to enable the operator to divide the roots of 
all the nerves which go to the posterior extremities, produces a great 
shock to the system, is attended with very great hemorrhage, and 
death inevitably follows in a short time, before satisfactory results 
can be attained. Great, therefore, as was the interest which Sir C. 
Bell’s theory, thus newly illustrated by M. Magendie’s experiments, 
excited, a satisfactory conlirmation of the results was still wanting. 

After so many unsuccessful attempts to verify M. Magendie’s 
assertion, I began to doubt the possibility of obtaining a decided and 
satisfactory result from all such experiments. Desmoulins and Ma- 
gendie themselves, however, have merely said, that, in the one case 
nearly all sensation,'\\\ the other, nearly all power of motion,is lost. 
In deciding a question absolutely, no half results, no approximatives, 
are sufficient. The theory of Bell was extremely ingenious, but its 
truth appeared to me still to require demonstration; even Magendie 

cut across the posterior fasciculus of nerves, which took its origin from the poste¬ 
rior portion of the spinal marrow, without convulsing the muscles of the back; but 
that, on touching the anterior fasciculus with the point of a knife, the muscles of 
the hack were immediately convulsed.” He seems, it is true, to have supposed 
at first that the anterior roots contained nervous fibres for sensation as well as 
those for motion, while the posterior roots governed the “ operations of the viscera,” 
and “the secret operations of the frame,” and “united the body together.” Sub¬ 
sequently, however, by observing the modes of origin and distribution of the 
cerebral nerves and the different effects of lesions of them, he was led to the more 
correct inference, that the single-rooted nerves connected with the anterior columns 
of the spinal cord and corresponding parts of the brain, and the anterior roots of 
the double-rooted nerves were exclusively motor, and that the posterior roots con¬ 
nected with the posterior columns of the cord were sensitive. That he arrived at 
this conclusion before M. Magendie, or any other physiologist, had taken up the 
inquiry, rests on the evidence contained in Mr, John Shaw’s Manual of Anatomy, 
published in Sept. 1821; and in several papers by that gentleman, which appeared 
in the Quarterly Journal of Science, Dec. 1821, and March, 1822; and in the 
Medico-Chirurgical Transactions, April, 1822; while the date of M. Magendie’s 
first publication on the subject was August, 1822. A very clear and very impar¬ 
tial statement of the facts bearing on the question of priority in this important dis¬ 
covery will be found in the lirit. and For. Quarterly Review for January, 1840.— 
Translator. 

* J. de Physiol, ii. 276. Compare Desmoulins et Magendie, Anat. et Physiol, 
des Systemes Nerveux. Paris, 1825, p. 777. 
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had not decided it satisfactorily; and it is perhaps impossible to de¬ 
cide it with certainty in the higher animals. This opinion, that the 
theory of Bell had not been properly established by experiment, was 
also held by Prof. E. H. Weber. (See page 283 of his excellent edi¬ 
tion of HildebrandVs dlnatomie.) 

The happy thought at length occurred to me of performing the 
experiment on frogs. These animals are very tenacious of life, and 
long survive the opening of the vertebral canal. In them, also, the 
nerves retain their excitability for a very considerable time, and the 
large roots of the nerves of the posterior extremities run a long dis¬ 
tance within the cavity of the spine before uniting. The result was 
most satisfactory. The experiments are so easily performed, so cer¬ 
tain and conclusive, that every one can now very readily convince 
himself of one of the most important truths of physiology. 

To lay open the spine, I make use of a small pair of bone-nippers, 
which cut sharply at the edge and points. The operation is com¬ 
pleted in a few minutes, without any injury to the spinal cord. The 
frogs remain quite lively, and leap about as before. As soon as the 
spinal canal and the membranes are laid open, the thick posterior 
roots of the nerves, given off to the lower extremities, come into 
view. They should be carefully raised with a cataract needle, with¬ 
out including any of the anterior roots, and cut off close to the 
spinal cord. The end of one of the posterior roots being now seized 
with a pair of forceps, and the root itself irritated repeatedly with 
the point of the needle, not the slightest contraction of the muscles of 
the posterior extremities ever ensues. The same experiment may 
be repeated on the very large posterior roots of the nerves of the 
anterior extremities, and the same result will be obtained. 

One of the anterior roots of the nerves of the lower extremity, 
which are equally as large as the posterior, is now raised with the 
needle out of the vertebral canal, and it is found that the slightest 
touch of these anterior roots excites the most powerful contractions 
of the whole limb. Having cut them through at their insertion into 
the cord, the extremity of one is seized with the forceps, and the 
needle used to irritate it as in the case of the posterior root. Each 
time that the point of the needle is applied, most distinct twitchings 
of the muscles take place. 

These experiments may be repeated on a large number of frogs, 
and they will most convincingly prove that it is quite impossible to 
excite muscular contractions in frogs by irritating mechanically 
the posterior roots of the spinal nerves; while, on the other hand, 
the slightest irritation of the anterior roots immediately gives 
rise to very strong actions of the muscles. 

As long as both roots of the nerves are in connection with the 
spinal cord, the traction experienced by the cord itself, when the 
posterior roots are raised, may cause the production of muscular 
twitches in the limbs; such effects, however, are quite independent 
of the action of the posterior roots, and depend solely on the irritation 
communicated to the anterior roots by the spinal cord in consequence 
of the mechanical violence which this has suffered. Hence, if the 
44 
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latter roots have been previously divided, no mechanical irritation of 
the spinal cord itself, or of the posterior roots connected with it, 
excites the slightest muscular contractions. 

The experiments with the galvanic stimulus of a single pair of 
zinc and copper plates are equally conclusive. 

The application of galvanism to the anterior roots of the spinal 
nerveSf after their connection with the cord is divided, excites 
violent muscular twitchings; the same stimulus applied to the 
posterior roots is attended with no such effect. This result is very 
remarkable, and is what I did not at all expect: for I imagined that, 
although the posterior roots are endowed with sensation merely, they 
might still conduct the galvanic fluid to the muscles; and when a 
powerful galvanic pile is employed, this is inevitably the case (as in 
Magendie’s experiments), the strong galvanic current being con¬ 
ducted by the posterior root of the nerve as by any animal substance. 
The stimulus of a single pair of plates, however, while it causes the 
anterior roots of the nerves to give rise to muscular contractions, has 
no such influence when applied to the posterior roots. In this ex¬ 
periment it is necessary to be very cautious that the plates are 
brought into contact with no other parts than the nerves. 

The experiments may be performed on frogs in the manner adopted 
by Sir C. Bell and M. Magendie, and the results will be as decided 
as in those just detailed. If in the same frog the three posterior roots 
of the nerves going to the hinder extremity, be divided on the left 
side, and the three anterior roots on the right side, the left extremity 
will be deprived of sensation, the right of motion. If the foot of the 
right leg, which is still endowed with sensation but not with the 
power of motion, be cut off, the frog will give evidence of feeling 
pain by movements of all parts of the body except the right leg itself, 
in which he feels the pain. If, on the contrary, the foot of the left leg, 
which has the power of motion, but is deprived of sensation, is cut off, 
the frog does not feel it. This experiment is the most striking of all, 
and the result is decisive; because, on account of the small number 
and large size of the roots of the nerves going to the posterior ex¬ 
tremity in the freg, we can be certain that all are divided. 

The foregoing experiments leave no doubt as to the correctness of 
Sir C. Bell’s theory. 

I may further remark that the section of the posterior roots is fre¬ 
quently attended with very distinct manifestations of the sensation of 
pain in the anterior part of the body. 

The difference with regard to motor and sensitive properties, 
which has been established so clearly in the case of the anterior and 
posterior roots of the nerves, has not been by any means demon¬ 
strated to exist between the anterior and posterior columns of the 
spinal cord. 
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CHAPTER II. 

OP THE SENSITIVE AND MOTOR PROPERTIES OP THE CEREBRAL 

NERVES. 

We shall not here enter in detail into the subject of the physiology 
of the individual cerebral nerves, but shall merely inquire how far 
they agree with or differ from the spinal nerves. 

The cerebral nerves may be arranged in the following classes:— 

1. The nerves of special sense: the olfactory, optic, and auditory 
nerves. 

2. Mixed nerves with double roots: the nervus trigeminus, nervus 
glosso-pharyngeus,* the nervus vagus cum accessorio^ and, in several 
Mammalia, the nervus hypoglossus. 

3. Single-rooted nerves^ for the most part of motor function, 
tvhich are either themselves entirely motor, and receive sensitive 
fhres from other nerves, or which, if their roots contain sensitive 
fibres, still cannot be classed with the double-rooted spinal nerves. 
These are the nervus oculo-motorius, the trochlearis, the abducens, 
and the facial nerve. 

The nerves of the last two classes require a particular consider¬ 
ation. 

Mixed Cerebral Nerves with double Roots. 

Nervus trigeminus .—The two roots of this nerve, namely, the 
portio major, which expands to form the ganglion Gasseri, and the 
portio minor, which has no ganglion, and passes under the ganglion 
of the portio major to join the third branch which issues from it, are 
well known. The first and second divisions of the nerve, which 
arise wholly from the ganglion of the portio major, are probably 
purely sensitive. The third division, which is formed in part by the 
portio minor, and receives another portion of its fibres from the Gas¬ 
serian ganglion, is both motor and sensitive. 

The experiments of Sir C. Bell, M. Schoeps, Mr. Mayo, and 
myself, prove, therefore, that all the branches of the first and second 
divisions of the nervus trigeminus are nerves of sensation, and not 
nerves of motion. 

The third division is evidently both sensitive and motor, like the 
spinal nerves, which are likewise composed of a root provided with 
a ganglion, and of another on which no ganglion is formed. Its 
function is shown by its distribution. This third division of the fifth, 
rather than the whole nerve itself, is analogous to the spinal nerves.t 

The masseteric, deep temporal, buccinator, pterygoid, and mylo¬ 
hyoid branches, those given to the levator and tensor palati muscles, 

* Recent experiments render it most probable that the glosso-pharyngeus is a 
nerve of sensation alone. 

f The motor function of the third division of the fifth nerve was first proved 
experimentally by Mr. John Shaw. (Med. and Phys. Journ. 1822, October.) 
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and the nerve of the tensor tympani, which arise either immediately 
or mediately from the third division of the fifth, are evidently motor. 
But the fact of the masseteric giving branches to the maxillary arti¬ 
culation shows that they contain sensitive fibres likewise. 

That the branch which issues from the mental foramen is a nerve 
of sensation, is proved by the case observed by Sir C. Bell, in which 
it was injured in the extraction of a tooth, and the lower lip in con¬ 
sequence rendered insensible. It can likewise be proved very satis¬ 
factorily that the gustatory branch, although it is distributed to the 
muscular substance of the tongue, is a sensitive nerve, and has no 
motor power. 

Desmoulins had made the remark that, if the gustatory nerve is 
stretched in a dog, the animal utters a cry, the tongue remaining 
motionless; and that the application of galvanism to the nerve after 
death causes no motion of the tongue. This last experiment I have 
instituted (see Froriep^s Notiz. No. 647,) on rabbits during life; the 
nerve being divided, and then irritated with a needle, or with the 
stimulus of a battery of sixty-five pairs of plates: the result was as 
Desmoulins states. Magendie also has observed that division of the 
gustatory nerve is followed by loss of sensation, without loss of mo¬ 
tion in the tongue. I have satisfied myself that this nerve is capable 
of the sensation of pain, and it will be shown at a future page that 
it is also the nerve of taste. 

From the facts which we have stated, it results that the fifth nerve, 
by virtue of its greater root, supplies all the anterior and antero¬ 
lateral parts of the head with common sensation, there being other 
nerves for the special senses of smell, sight, and hearing; and that, 
by virtue of its smaller root, it is the motor nerve of all the muscles 
engaged in mastication. Hence, in Magendie’s experiments, the 
division of the trunk of the nerve put a stop to all the movement of 
mastication, and deprived the whole anterior part of the head, the 
eye, nose, and tongue, of common sensibility; and hence disease of 
the trunk of the nerve, or of its roots, as has been observed by Bell, 
Magendie, and Serres, is attended with the same results. The result 
of division of the nerve within the cavity of the cranium, an experi¬ 
ment performed by Magendie at)d repeated by Eschricht, was loss 
of sensibility of the entire side of the head. The mucous membrane 
of the nose, as well as the conjunctiva, were rendered insensible to 
puncture, and to chemical irritants, such as liquor ammoniae. The 
eye was dry, the iris contracted, and the winking of the eyelid was 
no longer observed. On the following day, the eye of the sound side 
was inflamed in consequence of the stimulus of the ammonia; the 
other eye was free from inflammation, the development of which, 
therefore, had been prevented by the want of sensibility. In other 
experiments, division of the nerve was followed, at the expiration of 
several days, by inflammation of the conjunctiva, secretion of puru¬ 
lent matter from the eyelids, iritis, and the formation of pseudo-mem¬ 
branes in the eye itself. Other effects that have been observed, are 
a softened unhealthy state of the gums, a white appearance of the 
tongue, and a thickening of its epithelium on the affected side. 

Nervus glosso-pharyngeus .—I have shown that this nerve also 



THE GLOSSO-PHARYNOEAL NERVE, 


521 


has two roots, one of which has a ganglion. Its distribution corre¬ 
sponds with this structure. It supplies the mucous membrane of the 
back part of the tongue, and it also gives branches to the pharyngeal 
muscles, particularly to the stylo-pharyngeus; and it is proved to have 
motor power by the observation of Mayo, which I have since re¬ 
peated in a rabbit, that the application of galvanism to the nerve, 
even after death, excites muscular contractions in the pharynx. 

It appears, however, from the experiments of Dr. J. Reid, [op. cit.) 
that the conclusion deduced from Mr. Mayo’s experiment is errone¬ 
ous, and that the glosso-pharyngeal nerve is really a nerve of sensa¬ 
tion only. Dr. Alcock, of Dublin, had found that after division of 
the glosso-pharyngeal nerves, the movements of deglutition were 
greatly impeded; but in Dr. Reid’s experiments this effect was never 
induced, unless the pharyngeal branch of the par vagum was also 
divided; hence the pharyngeal branches of the glosso-pharyngeal 
nerve, he remarks, cannot be the sole nerve by which the impres¬ 
sions, or peculiar sensations that induce the motions of deglutition, 
are communicated to the central organs of the nervous system. 

Nervus vagus cum accessorio Willisii. —At the point where the 
vagus passes through the foramen lacerum, its whole trunk swells 
into a ganglion; it thus presents every resemblance to the sensitive 
root of a spinal nerve; and, as immediately after its exit from the 
foramen it is joined by a portion of the nervus accessorius, it is in 
the present state of our knowledge very natural to suppose that the 
vagus derives the motor fibres, which are distributed in its branches 
to the larynx and pharynx, from the nervus accessorius. Goerres, 
[Exposition der Physiologic. Coblenz, 1805, p. 328,) indeed, had 
likened the origins of the vagus and spinal accessory to the two roots 
of spinal nerves, even before the discovery of the properties of the 
anterior and posterior roots of those nerves. The same idea has 
been more recently adopted by Professors Arnold and Scarpa, who 
have compared the vagus to a posterior, the spinal accessory to an 
anterior root; and Bischoff [Nervi Accessorii Willisii Jinatomia et 
Physiologia. Heidelberg, 1832,) has adduced new arguments in 
support of this view. 

The view which we ourselves take of the accessory and vagus 
nerves is this:—The vagus corresponds, for the most part, to the poste¬ 
rior root of a spinal nerve; but we cannot, with certainty, affirm that 
it is wholly sensitive, since the experiment which we have detailed, 
and those of Dr. Reid seem to show that its root contains motor 
fibres, and in some animals fasciculi of fibres of considerable size 
are seen to pass over the ganglion without joining it. Its composi¬ 
tion may possibly be just the reverse of the ninth, or lingual, which 
is in greater part, but not wholly, a motor nerve. The accessory is 
probably chiefly motor, and is more analogous in structure to the 
anterior roots of a spinal nerve; but it evidently contains, in many 
cases, (perhaps in all,) sensitive fibres, derived either from its own 
roots, or from the posterior roots of the first and second cervical.* 

* Compare Bendz, De Connexu inter vag[um et accessoriiitn, Havn. 4. An ab¬ 
stract is given in Muller’s Archiv. 1837. Jahresb. p. xxviii. 

44* 



522 


PROPERTIES OP THE VAGUS NERVE. 


Dr. Reid found that when the external branch of the spinal acces¬ 
sory was strongly compressed between the blades of the forceps, or 
firmly included in a ligature, the animal gave very decided evidence 
of suffering pain; but he does not pretend to determine whether the 
sensitive filaments on which this result depends belong originally to 
the nerve, or whether it derives them from other nerves at the base of 
the cranium. 

The vagus affords sensitive influence to all the parts to which it 
is distributed; namely, to the organs of voice and respiration, the 
pharynx, oesophagus, and stomach; moreover, it gives a sensitive 
branch, which penetrates the petrous portion of the temporal bone, 
to the external ear,—the ramus auricularis; and the facial nerve 
probably derives its sensitive endowment from its connection with 
this branch of the vagus within the temporal bone. 

The branches of the vagus, which are motor as well as sensitive, 
are the pharyngeal and laryngeal. Division of the inferior laryngeal 
nerve, or of the vagus in the neck on both sides, paralyses incom¬ 
pletely the small muscles of the larynx; the voice is lost, but is re¬ 
gained in a few days, from the superior laryngeal nerve continuing 
to exert its influence. The assertion of Magendie, that the superior 
laryngeal nerve is distributed solely to the contractors of the glottis, 
and the inferior to the dilators, was not confirmed by Schlemm’s 
dissections. The vagus has no motor influence on the stomach; 
neither by galvanism, nor by mechanical irritation applied to the 
nerve in the neck, can motions of the stomach be excited; this results 
from the experiments of Magendie, Mayo, and myself. 

With respect to the motor and sensitive properties of the individual 
branches of the vagus, we learn from the experiments of Dr. Reid: 
1. That the pharyngeal branch in the dog is the principal, if not the 
sole motor nerve of the pharynx and soft palate, and that it is most 
probably wholly motor; a part of its motor fibres being derived from 
the internal branch of the spinal accessory nerve. 2. That the in¬ 
ferior laryngeal nerve is the motor nerve of the larynx, irritation of 
it producing vigorous movements of the arytenoid cartilages; while 
irritation of the superior laryngeal nerve (by galvanism) gave rise to 
no action in any of the muscles attached to the arytenoid cartilages, 
but merely to contractions of the crico-thyroid muscle. Experiments 
on living dogs showed also that division of the recurrent nerves put 
an end to the motions of the glottis, but that the sensibility of the 
mucous membrane remained; that division of the superior laryngeal 
nerves left the movements of the glottis unaflected, but deprived it 
of its sensibility. These results agree with the anatomy of the 
nerves. The superior laryngeal nerve, therefore, is chiefly sensitive; 
the inferior, for the most part, motor. 3. (Esophageal branches. 
Dr. Reid found, as had been done by previous observers, that irrita¬ 
tion of the trunk of the vagus excited motions of the oesophagus, 
which extended over the cardiac portion of the stomach; and that 
division of the vagus paralysed the movements of the oesophagus, 
which became distended with the food which was afterwards taken. 
The motions of the msophagus, therefore, are dependent on motor 
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fibres of the vagus, and are probably excited by impressions made 
upon sensitive fibres of the vagus. Dr. Reid confirms the statement, 
which had been denied by Dr. Marshall Hall and Mr. Broughton, 
that pinching the vagus nerve in the neck gives rise to pain. 4. The 
cardiac branches of the nerve are believed by Dr. Reid to be one, 
but not the sole channel through which the influence of the central 
organs and of mental emotions is transmitted to the heart. 5. The 
pulmonary branches of the vagus form the principal, but not the 
only, channel by which the impressions on the mucous surface of 
the lungs that excite respiration, are transmitted to the medulla ob¬ 
longata. Dr. Reid has been unable to determine whether they con¬ 
tain motor fibres. 

Nervus hypoglossus, lingualis, or ninth nerve. —In the ox, and 
some other of the Mammalia, in which Mayer has discovered that 
this nerve has a small posterior root with a ganglion, it belongs to 
the mixed nerves with double origin; but in the human subject it 
has merely a motor root. 

That it is principally a motor nerve, the experiments of Magendie, 
Mayo, and myself demonstrate. (See Froriep’s Notiz. No. 647.) 
Violent spasms of the whole tongue, to the tip, are excited by 
stretching, pinching, or by galvanising it even with a single pair of 
plates. Its division in a living animal deprives the tongue of its 
power of motion. This nerve, therefore, supplies the motor influ¬ 
ence for the motions of the tongue in deglutition and articulation. 

The hypoglossal is also the motor nerve of the large muscles 
which move the larynx. 

Desmoulins, Magendie, and Mayo assert, that the hypoglossal 
nerve is likewise endued with sensibility; pain is produced, they 
say, by stretching it in dogs and cats. In dogs, this sensibility 
might be supplied by its small posterior root; and in the cat, 
where Mayer has found no posterior root, it may be due to sen¬ 
sitive fibres received from other nerves in its course, for instance, 
from its connections with the nervus vagus, and with the first cervical 
nerve. 

Nerves, for the most part motor, and ivithout a ganglion on their 

root, but which contain within themselves sensitive fibres, or re¬ 
ceive them in their course from other nerves. 

Nerves of the muscles of the orbit. The third, fourth, and 
sixth. —These nerves have some sensitive endowment. The sensi¬ 
bility which muscles generally possess, can in other instances be 
ascribed to the sensitive fibres derived from the posterior roots of the 
nerves, and distributed with the motor fibres to the muscles. But 
this explanation is inapplicable in the case of the muscles of the eye. 
It is known to every one, that violent action of these muscles is at¬ 
tended with the sensation of an unpleasant tension in them. Is this 
owing to the single motor non-gangliated roots of the nerves of 
these muscles containing sensitive fibres? or do the nerves receive 
sensitive fibres from other sources in their course? The nervus 
trochlearis has been frequently seen to be connected with the first 
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division of the fifth; I have myself seen, in the calf, a twig given off 
to the trochlearis from the latter nerve. It is not known whether 
the sensitive fibres of the longer root, which the ciliary ganglion 
derives from the nasal branch of the fifth, are all distributed in the 
ciliary nerves; or whether some reach the short root of the gan¬ 
glion, and thus the motor oculi nerve. The sixth, or abducens, 
nerve can apparently derive no sensitive fibres from other nerves. 
Under these circumstances it must remain undecided whence these 
nerves acquire the fibres by which they are endued with sensitive 
power. 

Nerviis facialis, or portio dura of the seventh nerve .—This is 
the special motor nerve of all the muscles of the face (the muscles 
of mastication excepted), of the occipito-frontalis, the muscle of the 
ear, the stylohyoid muscle, the posterior belly of the digastricus, 
and the platysnia myoides. Division of the facial nerve in Mam¬ 
malia paralyses all the muscles of the face: the eyebrows cannot be 
raised, nor the eyes closed; the muscles of the ear do not act, and 
the nostrils are motionless, &c. Experiments which establish this 
have been instituted by Bell, Mayo, Schoeps, Backer, myself, and 
others. Backer remarked, in an animal poisoned with nux vomica, 
that division of the facial nerve put a stop immediately to the spasms 
in the muscles of the face, although they continued in other parts of 
the body. 

Sir C. Bell regarded the facial nerve as motor only, but it is also 
highly sensitive. M. Magendie has stated (Comptes Rendus, 1839, 
Jilin 3), that the middle branch only of the facial nerve is in the 
rabbit endowed with sensibility, and he has described the filament of 
the fifth nerve to which this is due. 

The sensibility of the nerve is undubitable; but whether its sensi¬ 
tive fibres are contained in the nerve itself from its origin, or super- 
added to it in its numerous anastomoses with the fifth nerve, namely, 
with the superficial temporal, subcutaneous malie, infra-orbital, and 
mental branches, in another question. 

We must admit that the facial nerve is at its origin simply motor, 
or that it receives sensitive fibres from the brain without having a 
special sensitive root. The last supposition, however, is not neces¬ 
sary; for the source can be distinctly shown from which the facial 
nerve derives the sensibility which it still retains at its exit from the 
stylo-mastoid foramen when the trunk of the nervus trigeminus is 
divided. A branch of the vagus, namely, unites with the facial nerve 
in its course through the Fallopian aqueduct. This communicating 
branch, which exists in man as well as in animals, and which com¬ 
pletely explains all difficulties, was first discovered in the human 
subject by Comparetti, and has also been described by Cuvier in the 
calf. It is given off from the nervus vagus at an acute angle, and 
passes through a special bony canal to reach the facial nerve, with 
which a portion of its filaments unites; while the continuation of the 
branch is distributed to the external ear. This nerve, which we have 
seen in the calf as well as in the human subject, is evidently a prin¬ 
cipal cause of the sensibility of the facial nerve. For further infor- 
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mation on the subject of this chapter, see Chapter II. of the 4th 
Section of this Book. 


CHAPTER III. 

OF THE SENSITIVE AND MOTOR PROPERTIES OF THE GANGLIONIC 

NERVES. 

1.. The ganglionic nerves are sensitive .—Some observers have 
denied to the sympathetic the property of conveying sensations. 
BichSt states, that he irritated the coeliac ganglion both mechanically 
and by chemical stimuli without exciting pain. Dupuy cut out the 
inferior cervical ganglion, and the animals, he says, did not sutfer. 
Wutzer also could excite no pain by irritating the lumbar ganglia in 
a dog. The observations of Magendie and Lobstein agree with the 
foregoing. Flourens, on the contrary, has in such experiments 
always observed more or less distinct signs of pain. In Brachet’s 
experiments there were sometimes manifestations of suffering, some¬ 
times none. Mayer has observed, that both when the superior cer¬ 
vical ganglion w’as divided, and when the solar plexus was irritated, 
the animals gave distinct evidences of pain. With these last observers, 
my experiments lead me to agree entirely. I have not only several 
times seen distinct signs of suffering produced by the application of 
mechanical and chemical irritants to the coeliac ganglion, but, in all 
experiments of tying the nerves of the kidneys which I performed 
in conjunction with Dr. Peiper, I observed evident signs of consider¬ 
able pain. The painful sensations felt in diseased states of the parts 
supplied with sympathetic nerves only, prove, much more clearly 
than experiments can do, that these nerves have sepsitive endow¬ 
ments. I must give my complete assent to the following remark of 
Prof. E. H. Weber:—“I, for my part, regard the daily observations 
of the existence of pain in these parts, which some would deny to be 
sensible, as far more worthy of attention than the foregoing experi¬ 
ments.” 

The sensibility of the parts supplied by the sympathetic is, how¬ 
ever, far more feeble and indistinct than in other parts; for we seldom 
feel in the stomach the very cold or hot food which we swallow; 
substances, too, which are strong stimulants of the skin, such as mus¬ 
tard and horseradish, are rarely productive of sensation in the parts 
furnished with sympathetic nerves; it requires very strong impres¬ 
sions to excite the whole sensitive power of these parts in as power¬ 
ful a degree as can be done in other organs. This peculiarity has 
been explained on the hypothesis of Reil, that the ganglia have the 
nature of half-conductors, preventing the transmission of weak im¬ 
pressions, and allowing the transmission of such only as are the 
effects of very intense irritation. 

2. The ganglionic nerves have a motor, though involuntary in¬ 
fluence on the parts whcih they supply .—experiments which I 
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performed with Dr. Sticker have proved that the contractile power 
of the muscles is the result of a reciprocal action between them and 
the nerves, and is lost, like the excitability of the nerves themselves, 
in a short period after their division, if reunion do not take place; it 
is evident, therefore, that the contractions of the involuntary muscles 
also must be under the influence of their nerves, and cannot be a 
property of themselves as muscles, as Haller supposed. We have, 
likewise, some direct proofs of the motor influence of the ganglionic 
nerves on the muscles. Humboldt has excited contractions of the 
heart in Mammalia, by the application of galvanism to the cardiac 
nerves; and since his experiments were formed with the simple gal¬ 
vanic circle, they are certainly of great weight. A satisfactory proof 
of the motor power of the sympathetic is the experiment which I 
have frequently instituted, and constantly with the same result, on 
the coeliac ganglion in the rabbit. The abdomen of a rabbit being 
opened, I waited until the active motions of the intestines excited 
by the influence of the atmosphere had subsided, or ceased, and 
then touched the coeliac ganglion with caustic potash, when the 
peristaltic motions were immediately renewed with extraordinary 
activity. 

Motor and sensitive fibres in the sympathetic nerves .—The ques¬ 
tion now presents itself, whether there are in the ganglionic nerves 
fibres of one kind only, and whether these perform all the functions 
of nutrition, sensation, and motion; exciting sensations by their 
action on the brain, and nutrition and motion by an influence trans¬ 
mitted in the peripheral direction. This is in itself improbable; for, 
were it the case, the excitement of secretion in the intestinal canal 
would always be attended with increased motion, and increased 
motion with increased secretion. This consideration is alone suffi¬ 
cient to suggest the probability that even in the ganglionic nerves 
there are sensitive and motor fibres; and, moreover, a third kind of 
filaments, organic fibres, namely, for the regulation of the chemical 
processes. To determine this question with greater certainty, we 
must more accurately consider the connection which exists between 
the sympathetic and the sensitive and motor nerves. 

The relation of the sympathetic with the cerebral nerves is very 
complicated, while its connection with the spinal nerves is simple 
and easily made out. The investigation of its communications with 
the latter nerves affords us principles by which the nature of its con¬ 
nections with the cerebral nerves may be determined. It can be 
seen without difficulty, in any animal, that from the roots of every 
spinal nerve a portion is given off to join the ganglionic nerves. This 
forms the ramus communicans. Its fibres run, for the most part, 
from the spinal nerves to the ganglionic nerve. 

But do these roots supply the ganglionic or sympathetic nerve 
with both motor and sensitive fibres from the spinal cord and brain? 
Scarpa and Wiitzer inferred, from their earlier researches, that the 
sympathetic is connected with both roots of each spinal nerve, and 
consequently receives both sensitive and motor fibres, which the 
functions of the viscera dependent on its influence show that it must 
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contain. The investigations of myself, of Retzius, Mayer, and 
Wutzer, have established as correct the view which Wntzer had 
formerly taken, namely, that the sympathetic derives radicle fibres 
from both roots of the spinal nerves. Mayer has indeed traced these 
fibres in the roots of the nerves as far as the spinal cord itself. The 
sympathetic contains, therefore, both motor and sensitive fibres. 

By the microscopic examination of the radicle fasciculi derived by 
the ganglionic nerve from the spinal nerves, it is learnt that they con¬ 
sist of cylindrical fibres, similar to those which compose the spinal 
nerves themselves: the tube and its contents are as easily distin¬ 
guished. The peculiarity of the sympathetic seems to consist merely 
in the mode in which it assembles its radicle fibres, and again dis¬ 
tributes them in the peripheral direction. The radicle fibres run, 
namely, for a certain extent in the principal cord of the sympathetic 
before being given off in the branches; and thus is produced an ap¬ 
parently continuous cord from the superior cervical ganglion to the 
ganglion coccygeum. I say, apparently continuous; for there are no 
facts to justify the conclusion that the fibres coming from the first 
cervical ganglion are continued to the inferior extremity of the cord. 
The fibres leave the longitudinal cord in the same order as they enter 
it: the first form the cardiac nerves, the next the splanchnic, the next 
the renal, the aortic, and so on. This relation of the fibres to the 
principal cord of the sympathetic, may be compared to the mode of 
attachment of the sacro-lumbalis muscle to the ribs. But it is not 
really a peculiarity of the sympathetic. It is a structure common to 
many other nerves; the spinal nerves, for example, have arches of 
communication between each other, and thus form continuous cords, 
extending a considerable distance, from which are given off in suc¬ 
cession the nerves which had previously joined them. The nerve 
called the ramus descendens noni, again, is partly formed by the 
superior spinal nerves. On the other hand, it sometimes happens 
that the cord of the sympathetic is interrupted here and there between 
the points where the radicle fibres join it, or is extremely thin, as in 
serpents. 

It being shown that the sympathetic regularly receives fasciculi of 
motor and sensitive fibres from the spinal nerves as its motor and 
sensitive roots, the existence of a similar relation between it and 
those cerebral nerves which are analogous to the spinal nerves, in 
having double roots, becomes very probable. The hypoglossal, 
vagus, and glosso-pharyngeal nerves do in fact give roots to the 
superior cervical ganglion, and thus to the cord of the sympathetic. 
We do not, however, mean to assert that all the fibres of these cords 
are motor and sensitive, for such is not the case. The ganglionic or 
sympathetic nerve, then, receives roots of sensitive and motor pro¬ 
perties from the cerebral nerves which we have named. It likewise 
receives a similar root from the great spinal nerve of the head, the 
nervus trigeminus. The vidian nerve is, at least in part, a root 
given off to the sympathetic, as will be more distinctly proved in the 
following Chapter. An account of some recent observations by 
Valentin relative to the origins of the motor and sensitive fibres of 
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the sympathetic will be given in Chapter V. of the following 
Section. 


CHAPTER IV. 

OP THE SYSTEM OP GREY OR ORGANIC FIBRES, AND ITS PROPERTIES. 

In the present state of our knowledge, little instruction can be de¬ 
rived from the views of the earlier physiologists relative to the pro¬ 
perties of the sympathetic or ganglionic nerves. It is not sufficient 
to be told that these nerves are destined for the supply of the vege¬ 
tative system of the viscera, while the cerebro-spinal nerves supply 
the animal system;—that they have the office of uniting the nerves, 
one with another, into one harmonious whole;—or, that they are the 
cause of the sympathies. The important labours of Sir C. Bell, 
relative to the sensitive and motor roots of the nerves, left us in 
ignorance concerning the sympathetic; but they suggested to intel¬ 
ligent minds the necessity of a complete reform of our notions regard¬ 
ing this nerve. It is but recently that the facts and ideas contributing 
to this reform have been published. . 

On this subject I founded my opinions on the observations of 
Retzius and on my own investigations relative to the presence of 
organic grey fibres running in the peripheral direction in the cere¬ 
bral nerves—on the fact of the primitive fibres of nerves not uniting 
with each other in their course—on the origin of the ganglionic 
nerve from the motor and sensitive roots of the spinal nerves— 
and on the facts relative to the reflex actions of the nervous system. 
I expressed* my conviction, not merely that the commonly received 
notions respecting the supposed use of the connections of the gan¬ 
glionic with other nerves,—namely, the transmission of sympathetic 
influences,—are erroneous; but that the ganglionic, as well as the 
cerebro-spinal nerves, are compound in structure. I suggested that 
they contain motor, sensitive, and organic fibres, of which the latter 
kind alone have the function of regulating the vegetative processes, 
and have a special relation to the ganglia; that the cerebro-spinal 
nerves are likewise composed of motor, sensitive, and organic fibres, 
of which those of each kind have their specific destination, and run 
their course together without uniting with the others; that the gan¬ 
glionic nerve consequently differs only in having numerous ganglia, 
and in containing a large number of grey fibres, which give it a 
proportionally greyer colour; while, in the cerebro-spinal system, 
the grey fibres are less numerous, and are seen as grey fasciculi 
lying in the larger mass of white fibres. The ganglionic nerve is 
not, however, I observed, equally grey in all parts; the main lateral 
cords are whitish; the branches of the abdominal ganglia, which are 

* In the second part of the first volume of the Handbuch der Physiologie, pub¬ 
lished in m34; p. 646—652, and p. 780. 
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distributed to the viscera of vegetative life, principally grey. This is 
the history of the progress of our knowledge of this subject up to 
the present time. Remak has brought it to a state of far greater 
certainty. 

1. Grey or organic fibres in the cerebrospinal nerves .—The 
facts relative to this subject, which were given in the first edition of 
this work, are the following:—First, the remarkable and important 
observation of Retzius (/m, 1827, p. 997), that in the nervus trige¬ 
minus of the horse, and particularly in its second division, there are 
distinct grey sympathetic fibres, derived from the spheno-palatine 
ganglion, which form small grey ganglia in their course, and can be 
traced upon the surface, and within the substance of the second 
division of the nerve, as far as the nasal branches and the pituitary 
membrane, as well as upwards into the orbit and to the ciliary 
ganglion. 

In the human subject, too, fibrils have been seen by Varrentrapp* 
to be given off from the cavernous plexus to the first division of 
the nervus trigeminus. Moreover, in the calf, I have seen a thick 
fasciculus of organic fibres, sent from the sympathetic within the 
cranium to join the second division of the fifth nerve, just below the 
Gasserian ganglion. 

Several new facts have been made known by M. Giltay {De 
nervo sympathico Diss. Lugd. 1834), showing that organic fibres 
can be traced accompanying cerebral and spinal nerves as far as the 
organs to which they are distributed. 

From a variety- of facts, but which are denied by Valentin, I 
arrived at the conclusion, that in the cerebro-spinal nerves three 
kinds of fibres must be distinguished; the sensitive and motor, both 
of which are white, and come from the roots of the cerebro-spinal 
nerves,—and grey organic fibres, which have their origin in the 
ganglia of the ganglionic or sympathetic nerve itselfi 

The observations of Remak, also disputed on the ground of inac¬ 
curacy by Valentin, have made us acquainted with the peculiar 
microscopic characters of the grey fibres, by which they may be 
distinguished from the tubular, sensitive, and motor fibres. They 
are, namely, much more minute; they are perfectly homogeneous, 
that is to say, not composed, as far as can be distinguished with the 
microscope, of a tube and contained portion; and are so pale and 
transparent, that in a strong light they are not visible; lastly, a com¬ 
pletely characteristic appearance is produced by the small roundish 
or oval bodies which here and there beset their surface. 

All the grey nervous fasciculi which we have described as ac¬ 
companying in their peripheral distribution the first and second 
division of the fifth nerve, are composed of such fibres. The grey 
fibres are also contained in the grey fasciculi, which, coming from 
the otic ganglion, or plexus gangliiformis Santorini, accompany the 
third division of the fifth nerve, and particularly the buccinator 
branch. 

* Obs. anat. de parte cephalica n. sympathici. Francof. 1831, 
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In the difference of microscopic character between the sensitive 
and motor and the organic fibres, an excellent means is afforded ns 
of ascertaining how far the branches of communication between the 
cerebro-spinal and ganglionic nerves belong to the one system or to 
the other. Many nerves, which were formerly regarded as wholly 
sympathetic, are thus found to be in part of the nature of cerebro¬ 
spinal nerves. 

2. Grey or organic fibres in the ganglionic or sympathetic 
nerves .—In the former edition of this work the existence of two 
kinds of fibres in the sympathetic nerve also could only be shown to 
be probable, it could not then be satisfactorily proved. It was even 
then suggested, however, that the ganglia of the sympathetic belong 
to its organic fibres. Remak has by minute examination been able 
to distinguish even externally in many parts of the sympathetic nerve 
grey and white fasciculi: and the microscope has in every instance 
revealed to him tubular fibres in the latter, and the peculiar organic 
fibres in the former kind of fasciculi. The results of his long and 
patient investigation render it very probable also that the organic 
fibres arise from the globular bodies in the ganglia, and from the 
caudal prolongations of these bodies; he regards it indeed as a fact, 
that they do arise thus, for he has very frequently seen coming off 
from the globules of the ganglia filaments beset with granules similar 
to those observed on the organic fibres. The accuracy of these'ob- 
servations is denied, however, by Valentin. 

The mere existence of distinct sensitive and motor fibres would, h 
priori, lead us to expect that there should be other special fibres to 
rule over the vegetative processes of the body. The nerves have a 
most marked influence on secretions, and, if there were but one kind 
of nerves for the regulation of the movements and the chemical pro¬ 
cesses, the increase of a secretion by nervous influence ought to be 
always attended with spasm, and spasm with increased secretion; 
while the two phenomena are often met with separately, just as 
paralysis of the motor power occurs without loss of sensation, and 
paralysis of sensation without loss of motion. If, moreover, we con¬ 
sider how frequently the grey fibres join the trigeminus, abducens, 
and facial nerves, in the first of which they can be traced distinctly 
in their course towards the mucous membranes of the mouth and 
nose; if we recollect that in the tympanum there is a plexus, formed 
principally of organic filaments, destined for the supply of the mu¬ 
cous membrane; and that no involuntary motions are performed by 
the mucous membranes, or even by the parts to which the second 
division of the fifth nerve and the nervus abducens are distributed; 
we shall at once perceive the much greater probability of the second 
opinion—namely, that the organic fibres in the cerebro-spinal, as 
well as in the ganglionic nerves, have the function of regulating the 
organic processes of nutrition and secretion. This view is much 
favoured, too, by the fact that the sympathetic receives from the 
motor roots of the spinal nerves motor tubular fibres, on which the 
involuntary motions must be dependent. If this be really the func¬ 
tion of the organic fibres, the motor nerves of the heart ought to con- 
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sist principally of the white tubular fibres. And such is in fact the 
case. Microscopic examination of the cardiac nerves of the calf 
shows them to contain a great number of tubular fibres, which differ 
from the nervous fibres distributed to voluntary muscles merely in. 
having a smaller diameter; and, if we compare the cardiac nerves 
with the splanchnic nerves which supply the secreting viscera, the 
much greater tendency to the formation of ganglia in the latter nerves 
will strikingly distinguish them from the former. The cardiac nerves 
develope no central ganglia, the splanchnic swell out to form the 
great cceliac ganglion. There is the same difference between the 
nerves of the heart and those of the generative organs supplied from 
the hypogastric plexus. Those, too, which accompany the renal 
vessels to the kidneys, are composed in by far the greater part of 
grey organic fibres. The organic nerves of the penis, which I have 
described as entering the corpora cavernosa at their root, and on 
which erection is dependent, are grey. 

In many cases the organic fibres appear to be wholly interwoven 
with the cerebro-spinal nerves. In this way we might explain 
the absence of a proper sympathetic nerve in the cyclostomatous 
fishes (in the petromyzon as well as in the myxinoidea): the nervus 
intestinalis formed by the two nervi vagi runs, in the myxinoid fishes, 
along the line of insertion of the mesentery as far as the anus. And 
on this supposition only can we explain the fact, that in the human 
mammary gland there are, according to my observation, no special 
organic nerves. All the nerves of the glandular substance of the 
mamma are derived from the third and fourth intercostal nerves. 


SECTION III. 

OP THE MODE OP PROPAGATION OP NERVOUS ACTION IN THE DIPPER- 

ENT NERVES. 

It is yet uncertain whether nervous action, which is propagated 
with such immeasurable rapidity, is owing to the passage of an im¬ 
ponderable matter along the nerves,—whether the action of a nerve 
separated from the nervous centres when irritated, is owing to a 
current of such imponderable matter taking place through it; or 
whether nervous action consists merely in oscillations or vibrations 
excited by the brain or the external stimulus, in an imponderable 
nervous principle present in the nerves; and it is a problem at present 
as little capable of solution as the same question with reference to 
light, namely, whether the theory of emanation or that of undulation 
of light is correct. But the decision of this difficulty is no more 
necessary to the study of the laws of nervous action, than is the 
knowledge of the true theory of light necessary for ascertaining the 
laws of its reflection, refraction, &c. 

In comparing the ditferent parts of the nervous system, we find 
conductors and excitors of nervous action. The conductors are the 
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nerves; the exciters, the central organs. The nerves, however, have 
not merely the quality of conductors; for, after separation from the 
brain, they are for a certain time capable of exciting, when irritated, 
contractions of the muscles; but, after they are thus cut off from com¬ 
munication with the central organs, they gradually lose this faculty. 
Regarding the nerves as conductors, the propagation as well as the 
action of the nervous principle may be explained by either of the 
theories above mentioned. Either the imponderable fluid is trans¬ 
mitted in a certain direction through the nerves as a current, or there 
is merely an oscillation excited in this fluid within the nervous fibres. 
The rapidity of nervous action, again, may depend either upon the 
rapidity of the transmission of the nervous fluid between the brain 
and the peripheral parts, or on the velocity with which a vibration 
commencing at the brain or any given point of a nerve, is propagated, 
to its peripheral extremity, or vice versd. 

The attempts made to estimate the velocity of nervous action 
have not been founded on sound experimental principles. Haller 
calculated that the nervous fluid moves with the velocity of 9000 
feet in a minute; Sauvages estimated the rate of its motion at 32,400, 
and another physiologist, at 57,600 million feet in a second. (See 
Haller^s Elementa, t. iv. p. 572.) Whilst the galvanic principle 
and the nervous principle were regarded as identical, the rate at 
which the latter acts was calculated from the rapidity with which 
electricity is transmitted through conductors. We shall probably 
never attain the power of measuring the velocity of nervous action; 
for we have not the opportunity of comparing its propagation through 
immense space, as we have in the case of light. 

The time required for the propagation of a sensation from the sur¬ 
face to the brain and spinal marrow, and for the reflected action 
producing contractions of the muscles, is immeasurably short. Frogs 
poisoned with opium or mix vomica are, at first, in a state of such 
excessive sensibility, that the slightest touch on the skin excites con¬ 
vulsions of the whole body. Here the impression made on the skin 
is propagated first to the spinal cord, and from the cord to all the 
muscles; and, nevertheless, I have been unable to detect the slightest 
interval between the moment when the skin was touched and the 
occurrence of the muscular spasms. 


CHAPTER I. 

OP THE LAWS OP THE ACTION OP MOTOR NERVES. 
a. Of the laws of the transmission of nervous influence in motor nerves. 

I. The motor influence is propagated only in the direction of the ner¬ 
vous fibres going to the muscles, or in the direction of the ramification 
of the nerve; and never in a retrograde course .—It is a fact generally 
known, that by irritation of a motor nerve, contractions are excited 
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in no other muscles than those to which the nerve distributes 
branches. When a nerve is irritated, either by chemical, mechanical, 
or electric stimuli, or by the application of both poles of a galvanic 
circle to the nerve itself, all the muscles supplied by the branches 
given off by the nerve below the point irritated are thrown into con¬ 
tractions, and those muscles only. The muscles supplied by the 
branches which come off from the nerve at a higher point than that 
to which the stimuli are applied, are never excited to contractions. 
Not the slightest twitchings are ever produced in the muscles of the 
thigh by irritating the lower part of the ischiadic nerve. 

II. The application of mechanical or galvanic irritation to a part of 
the fibres of a nerve does not affect the motor power of the whole trunk., 
but only that of the insulated portion to which the stimulus is applied. 
—This experiment can be best performed on rabbits, on account of 
the larger size of the nerves in them than in frogs. The ischiadic 
nerve being laid bare where it issues from the pelvis, different por¬ 
tions of it, which afterwards separate from the trunk as branches, 
may be easily irritated individually with a needle; and it will be 
satisfactorily seen, that those muscles only are thrown into contrac¬ 
tions to which the irritated portion is ultimately distributed. To be 
able to see the slightest twitchings of the muscles, the skin must be 
removed from the whole limb as far as the foot. 

III. A spinal nerve entering a plexus, and contributing with other 
nerves to the formation of a great nervous trunk, does not impart its 
motor power to the whole trunk, but only to the fibres which form its 
continuation in the branches of that trunk .—This is shown by experi¬ 
ments of Van Deen, myself, and Kronenberg. 

Facts are every day observed which confirm the above remarks, 
and show that, although the same nerves frequently give branches 
to many different muscles, the cerebral influence can nevertheless be 
limited to particular branches or single fasciculi of a nervous trunk. 
The nervous influence transmitted from the brain, for example, in 
diseases of that organ, is frequently confined to most minute portions 
of muscles, which then are affected with tremors. Moreover, v/e 
know that the primitive fibres of the nerves are anatomically distinct; 
so that, taking into consideration both the anatomical and physio¬ 
logical facts, we are justified in the conclusion that even the indi¬ 
vidual primitive fibres in the nerves and their branches maintain 
their motor power insulated within themselves. 

b. Of the associate or consensual movements. 

I here refer to those movements which, contrary to our will, ac¬ 
company other, voluntary, motions. Several of these phenomena 
were formerly confounded with others of a different nature. Ex¬ 
amples of the true consensual movements are very frequent, even 
in the healthy state of the body. When we endeavour to contract 
the muscles of the external ear, we induce motion of the occipito¬ 
frontalis muscle also, and of several muscles of the face. Wlien we 
wish to elevate and depress the alas nasi, we corrogate at the same 
time, without willing it, the eyebrows. Very few persons indeed 
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can cause the different muscles of the face to act singly; they cannot 
in most instances make the individual muscles act, except in groups 
with other muscles. The perineal muscles, the sphincter ani, levator 
ani, transversus perinmi, accelerator urinae, and compressor urethrae, 
nearly always act simultaneously when volition is directed to one 
only. This association of movements is most striking in the case of 
the iris. We cannot move the eye inwards by the action of the 
rectus internus, without contraction of the iris being produced. The 
iris Contracts likewise whenever the eye is turned upwards and in¬ 
wards by the action of the obliquus inferior. The motor influence 
both for the two muscles here named and for the iris is derived from 
the same nerve, namely, the nervus motorius oculi, which supplies 
the short motor root to the ciliary ganglion. When, therefore, the 
influence of volition is directed upon the motorius oculi nerve, or 
rather upon those of its fibres which supply the muscles in question, 
the nervous stimulus is always communicated in a certain degree to 
other primitive fibres of the nerve,—to those, namely, which form 
the short root of the ciliary ganglion. 

Similar phenomena are indeed observed in all parts of the body. 
Most persons find a difficulty in calling into action separately the 
individual portions of the musculus extensor com. digitorum, so as 
to extend singly separate fingers; for example, the third or fourth, 
which have no special extensor muscles. During violent bodily ex¬ 
ertion many muscles act by association, although their action serves 
no apparent purpose; a man using great muscular exertion moves 
the muscles of his face, as if they were aiding him in raising his load; 
during laboured respiration, and in persons in a state of debility, the 
muscles of the face act simultaneously but involuntarily; although, 
except by raising the alas nasi, they can in no way assist respiration. 
The phenomena of this kind are so numerous, so frequent, and so 
constantly the same, that the few examples which we have cited 
will be sufficient. I must, however, mention one fact as worthy of 
special attention, since it is the most complete example of the ten¬ 
dency to consent of muscular action between similar parts of the 
right and left side of the body. It is the involuntary motion of the 
iris. The motion of the iris is always simultaneous in the two eyes, 
as well when it is excited by an external stimulus, as when it is the 
effect of volition: even when the stimulus, be it external or internal, 
acts on one eye only, both irides contract equally. If but one eye 
be opened, the contraction of the pupils will be less than when an 
equal impression of light falls upon both eyes. If the impression of 
light on the two eyes be unequal, the size of the pupil in the two 
will still be equal; but it will be the mean between those which the 
two different impressions of light would produce. The same law 
prevails when the motions of the iris are determined by internal 
volition. We can at any time voluntarily excite consensual motion 
of the iris, as I have already stated, by rotating the eye inwards, or 
inwards and upwards; but the most remarkable circumstance is, that 
the irides of both eyes contract when one eye only is turned inwards, 
the other being still directed forwards. The power which every one 
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has of contracting the iris by turning inwards the eye, I possess in 
an extraordinary degree. If I cover one eye, A, and look directly 
forwards with the other eye, B, I can move the iris of this eye, which 
I keep fixed, at will, contracting it or dilating it according as I rotate 
the covered eye. A, inwards or outwards. In this experiment, the 
cause of the motion of the iris is concealed, and the motions are the 
more striking from the eye in which it is seen to take place being 
fixed. The cause, however, is immediately evident when I open the 
eye. A; it is then perceived that to produce a contraction of the iris 
in the fixed eye, B, I always rotate inwards the other eye, A. It is 
obvious that there must be a certain arrangement of the fibres in the 
brain, which gives rise to the tendency to association in action of 
those fibres of the two motores oculi which go to form the ciliary 
nerves. An interesting fact, easily explicable according to the prin¬ 
ciples here laid down, is the contracted state of both irides in sleep. 
It is a consensual motion dependent on the position of the eyes, 
which are turned upwards and inwards by the inferior oblique 
muscles. Many other muscles of the two sides of the body, besides 
the irides, have a tendency to association in their movements. Thus 
the muscles of the eyes have this tendency; it is impossible, for ex¬ 
ample, to turn one eye downwards, the other outwards, or both 
outwards at the same time. When one eye is turned outwards, the 
other is always rotated involuntarily inwards. It requires practice 
to be able to keep one eye open while the other is shut; that is to 
say, to contract the levator palpebrse of one side only by the influence 
of the motor oculi nerve. Few persons have the power of moving, 
by the influence of the facial nerve, the muscles of one side of the 
face differently from those of the other side. I can move the muscles 
of the ear, even the smaller ear-muscles, the anti-tragicus at least, 
quite distinctly; but when I determine voluntarily these motions in 
one ear, they always take place on the other side also. I do not 
know whether it is possible to cause the musculus stylo-hyoideus of 
one side to contract alone. There is a similar tendency to consen¬ 
taneous motion between the corresponding muscles of the two sides 
of the trunk, but it is much less marked: the abdominal and perineal 
muscles, and the diaphragm, nearly constantly act simultaneously on 
the two sides; and even the nerves and muscles of the extremities, 
although they are more independent in this respect, are not wholly 
exempt from the general law. The difficulty of executing simulta¬ 
neously with the two upper or the two lower extremities, rotatory 
motions in opposite directions, for example, around a common axis, 
is well known; while similar motions with both extremities are much 
more easily performed. 

The explanation of all these phenomena is evident. The primi¬ 
tive fibres of all the voluntary nerves being at their central extremity 
spread out in the brain to receive the influence of the will, we may 
compare them, as they lie side by side in the organ of the mind, to 
the keys of a pianoforte, on which our thoughts play or strike, and 
thus give rise to currents or vibrations of the nervous principle in a 
certain number of primitive nervous fibres, and consequently to 
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motions. From the conducting power of the cerebral substance at 
the origin of the nervous fibres, however, those which are contigu¬ 
ous to each other must be liable to be affected simultaneously, and 
the influence of volition will with difficulty be confined to single 
fibres. The faculty of insulating the influence of the will is, however, 
acquired by repeated exercise; that is to say, the more frequently 
a certain number of nervous fibres are exposed to the influence of 
volition, the more prone do they become to obey it independently of 
other surrounding fibres; or, in other words, certain paths for the 
more ready transmission of the cerebral influence are gradually 
developed. This faculty of insulation of the influence of volition is 
seen to reach the highest degree of perfection in certain arts, for 
example, in the use of musical instruments, particularly of the piano¬ 
forte. 

All associate movements have their source in the brain itself; they 
cannot be attributed to a communication between the primitive fibres 
in the motor nerves; for, in the first place, the primitive fibres do not 
communicate with each other; and, secondly, irritation of a portion 
only of a great nervous trunk never influences the rest of the nerve, 
but is propagated only to those branches of it which are formed of 
the fibres irritated. 

The associate movements cannot, moreover, be ascribed to the 
action of the sympathetic nerve, which maintains communications 
neither between different portions of a motor nerve, nor between the 
corresponding nerves of the two sides of the body; such communi¬ 
cations are effected solely by the brain and spinal cord. 


CHAPTER II. 

OF THE LAWS OF THE ACTION OP SENSITIVE NERVES. 

a. Of the law of the propagation of the nervous influence in the 

sensitive nerves. 

A NERVE preserves its sensitive power only so long as it maintains 
its communication with the sensorium, either directly, or indirectly 
through the medium of the spinal cord. We will now consider here, 
as in the case of the motor nerves, the relation which subsists be¬ 
tween the trunks and branches. 

I. When the trunk of a nerve is irritated, the sensation is felt in all 
the parts which receive branches from it; the effect is the same as if all 
the ultimate ramuscules had been irritated. —If one branch only of a 
nerve is irritated, the sensation produced is confined to the part to 
which that branch is distributed: if the irritation is applied to the 
trunk itself, the sensation is felt in all the parts to which the nerve 
sends branches. These experiments can of course be instituted only 
in one’s own person; but the results they afford are as certain as 
those of the experiments on motor nerves in animals. If we stretch 
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or pinch the ulnar nerve intentionally, by pushing it from side to 
side, or by compressing it with the fingers, where it lies at the inner 
side of the elbow-joint above the internal condyle, we have the sen¬ 
sation of “ pins and needles,” or of a shock, in the parts to which its 
ultimate ramuscules are distributed; namely, in the palm and back of 
the hand, and in the fourth and fifth finger. If stronger pressure is 
made, the sensations are felt in the fore-arm also. By drawing the 
thumb up and down, at the same time exerting pressure along the 
inner side of the upper arm, and by pressing deeply quite at the upper 
part of the arm at the inner side, we may easily reach the median 
and radial nerves, and excite similar sensations in the parts to which 
they are distributed. Pressure on the main nervous trunk of a limb 
—for example, on the nervous ischiadicus,—produces the well- 
known sensation of pins and needles in the whole limb, or the sen¬ 
sation of the limb being “ asleep.” By a particular position of the 
thigh in the sifting posture, the ischiadic nerve may be compressed 
at its very exit from the pelvis. Having ascertained the situations 
where other, even small nerves, can be subjected to such mechanical 
irritation, we may in this way institute experiments in our own person 
analogous to those performed on animals with reference to the motor 
function. 

II. The sensation produced by irritation of a branch of a nerve, is con¬ 
fined to the parts to which that branch is distributed, and generally, at 
least, does not affect the branches which come off from the nerve higher 
up, or from the same plexus. —The facts by which this is proved are 
so well known that it is unnecessary to detail them singly. Irritation 
of the skin is ordinarily felt only in the spot where the irritant is 
applied. The irritation never reacts, for example, upon the brachial 
plexus, and on the other nerves which arise from it. 

III. TVhen, in a part of the body which receives two nerves of similar 
function, one is paralysed, the other is inadequate to maintain the sensi¬ 
bility of the entire part; on the contrary, the extent to which the sensi¬ 
bility is preserved corresponds to the number of the primitive fibres un¬ 
affected by the lesion. —When two nerves anastomose, they have not 
the power of compensating for the inactivity of each other, as is the 
case when two arteries anastomose; wherever two cerebro-spinal 
nerves unite to form a thicker trunk, the paralysis of one root of this 
trunk deprives of their power all the primitive fibres derived from 
that root. Thus, when the ulnar nerve, which supplies the fourth 
and fifth fingers and a part of the third, is divided, the sensibility of 
those parts is not supplied through the medium of the anastomoses 
of the ulnar with the median nerve; but the fourth and fifth fingers 
are permanently deprived of sensibility. If the outer side of the 
fourth finger retains a slight degree of sensibility, it must be due to 
the primitive fibres of the median nerve which join the volar branch 
of the ulnar. 

IV. When different parts of the thickness of the same nerve are sepa¬ 
rately subjected to irritation, the same sensations are produced as if the 
different terminal branches of these parts of the nerve had been irritated. 
—If the ulnar nerve be irritated mechanically in the manner already 
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described, particularly by pressing it from side to side with the finger, 
the sensation of pins and needles is produced in the palm and back 
of the hand, and in the fourth and fifth finger. But, according as 
the pressure is varied, the pricking sensation is felt by turns in the 
fourth finger, in the fifth, in the palm of the hand, or in the back of 
the hand; and, both on the palm and on the back of the hand, the 
situation of the pricking sensation is different according as the pres¬ 
sure on the nerve is varied, that is to say, according as different fibres 
or fasciculi of fibres are more pressed upon than others. 

V. The sensations excited in the minute elementary fibres are trans¬ 
mitted from the surface to the brain, without being communicated to the 
other fibrils of the same nervous trunk .—This is a necessary inference 
from the facts and laws already detailed. 

a. Irritation of the trunk of a nerve produces the same sensation 
as if all the primitive fibres distributed to the peripheral parts were 
irritated; and the sensation is felt in those peripheral parts, just as if 
the irritation had been there applied to the fibres. 

b. When different primitive fibres composing a nerve are irritated 
separately, the sensations are felt in different points of the periphery 
of the body. 

c. Irritation of the branch of the nerve is attended with sensation 
in the parts to which that branch is distributed. 

It would appear, therefore, to be a matter of indifference whether 
the stimulus be applied to the primitive fibres, where they are 
assembled in the nervous trunk; in the branches, where they are 
distributed in fasciculi; or in the peripheral parts, where they are 
isolated from each other. The same sensations as are produced by 
pricking the skin with needles, or by the creeping of ants over it, are 
also excited by exerting pressure on the primitive fibres where they 
lie aggregated in a small twig of a nerve going to a finger, in which 
case the sensations are confined to the skin of the finger; or by pres¬ 
sure on the trunk of the nerve when they are felt in the skin of all 
the parts which the nerve supplies. 

Since each primitive fibre, in its whole length, from the brain to 
the skin, is in connection with the brain by one point only, namely, 
by its extremity, it would be expected that at whatever part it is 
affected, whether at its peripheral extremity, in the middle of its 
course, or in the nervous trunk, the same sensation must be pro¬ 
duced; for all the impressions made upon the primitive fibre, in its 
whole length, can be communicated but to one point of the brain. 
The primitive fibres of a nerve, whether long or short, would ap¬ 
pear, therefore, to represent each but one point in the brain, which 
makes us conscious of the same sensation at whatever part of its 
course the primitive fibre may have been irritated. The reason why 
the sensation appears to have its seat always in the skin, at what¬ 
ever point of their length the nervous fibres are irritated, seems to 
be, that the sensations are ordinarily produced by an action on the 
skin, or on the cutaneous extremities of the fibres. Although, how¬ 
ever, these are just conclusions from the observations we have de¬ 
tailed, still, the following facts show that the theory of sensations 
here given, is far from being completely established. 
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VI. Although pressure on a nerve gives rise to sensations which 
are felt in the peripheral parts, yet a stro7iger pressure produces 
pain in the nerve itself at the point to which it is applied. —We 
experience this but rarely, as when we suffer violent blows on the 
ulnar nerve. But the experiment may be made by pressing the 
ulnar nerve with gradually increased force against the bone above 
the internal condyle, when, in addition to the sensations excited in 
the parts which the nerve supplies, a pain will be produced at the 
seat of the pressure; not merely in the surrounding parts, but in the 
nerve itself. From the facts already detailed, and others that follow, 
this would not be expected; and there seems to be something here 
with which we are unacquainted, but which is important with rela¬ 
tion to the theory of sensation. Something similar is observed in the 
case of the tumours of nerves, of which the characteristic symptoms 
are pains in all parts which the nerve supplies; and violent pains in 
all those parts attend the division of the nerve above the tumour, as 
I observed on the occasion of the division of the ulnar nerve in the 
upper arm, above such a tumour, by Prof. Wutzer. But the gan¬ 
glion, or tumour, of the nerve is itself frequently sensitive and very 
painful. In cases of disease of the spinal cord, likewise, the pains 
are commonly felt in all the peripheral parts which lie below the 
point affected; but sometimes, though rarely, as in neuralgia dorsalis, 
there is pain along the middle line of the back. 

It is to be lamented that operating surgeons have hitherto neglected 
the excellent opportunities they enjoy of observing the phenomena 
which attend the division of nerves. 

The direction which the pain takes in cases of neuralgia, namely, 
along the course of the nerves, appears, likewise, not to agree with 
the theory of sensations above proposed. It must, however, be re¬ 
marked that neuralgic pains by no means constantly follow the course 
of the nerves. I have examined several cases of true neuralgia in 
Berlin, in which the pain did not pursue the course of the anatomical 
distribution of the nerves. 

We are are in want of information calculated to elucidate these 
apparent contradictions. The following facts are favourable to our 
theory. 

VII. When the extre7ne parts are completely deprived of .wnsi- 
hility by pressure on a nerve, or by its division, irritation of thepor- 
tionof the nerve connectedioith the brainstill excites sensutionswhich 
are felt as if in the parts to which the peripheral extremities of the 
nerve are distributed. —Thus there are cases of paralysis in which 
the limbs are totally insensible to external stimuli; but in which, 
nevertheless, they are the seat of most violent pain. 

The innumerable cases showing that division of the nerve for 
neuralgic pain is generally attended with an unfavourable result, 
and that the pains frequently return with as great violence as 
before, although the nerves be divided, and even portions of them 
removed, afford another confirmation of the above statement. In 
fact, when the cause of the neuralgia is seated in the trunk of the 
nerve,—for example, of the facial or infra-orbital nerve,—division 
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of it can be of no service; for the stump remaining in connection 
with the brain, and containing in itself all the primitive fibres dis¬ 
tributed in the branches of the nerve to the skin, gives rise, as we 
know, when irritated, to the same sensations as are felt wlien the 
peripheral parts themselves are affected. It is rarely that division 
of the nerve, or removal of a part of it, relieves the neuralgic pain; 
such a result can occur only when the cause of the disease is seated 
in the branches, not in the trunk of the nerve. 

Division of a nerve, then, merely prevents the possibility of ex¬ 
ternal impressions on the cutaneous extremity of its fibres being 
felt; the impressions being no longer communicated to the brain. 
But the same sensations which were before produced by external 
impressions may arise from internal causes, as long as the primi¬ 
tive fibres of the trunk remain in connection with the brain or 
spinal cord. 

When a nerve—of a finger, for example—is accidentally divided, 
the paralysed portion of the finger, although insensible to external 
stimuli, becomes the seat of pain, during the existence of inflamma¬ 
tion in the wound. When the inflammation has subsided, the sense 
of pain ceases, and the part remains quite devoid of sensation. 
The observations of Gruithuisen with respect to these phenomena 
in his own person, which were related at page 132, are particularly 
interesting. Sir Everard Home {Philos. Transact.) relates a case 
in which a nerve of the face was divided for neuralgia, and where, 
the wound not uniting by the first intention, the inflammatory state 
of the divided extremities of the nerve, gave rise to attacks similar 
to those suffered before the operation; though, when the wound had 
completely healed, there was no return of the pain. 

The phenomena attending the state of a limb “asleep,’^ in conse¬ 
quence of pressure on the nerves, are of a similar kind. The pressure 
puts a stop to the nervous communication from the periphery to the 
brain; but the same pressure, by affecting the upper part of the 
nerve, gives rise to the sensation of “creeping” {'‘^formicatio’’) 
and pricking in the limb, which has lost its sensibility to external 
impressions. 

'I'he sensation of creeping in the surface frequently attends affec¬ 
tions even of the origins of the nerves from the spinal cord or brain, 
or of these latter organs themselves. When the sensation of tin¬ 
gling is felt in the skin, it is impossible to know whether the cause of 
it is seated in the skin, in the nerves themselves, or at the origin of 
their fibres from the spinal cord. It is frequently the spinal cord 
itself. In nearly all diseases of the spinal cord, tingling in the skin 
is a symptom; the tingling is also frequently felt in the paralysed 
parts which receive their nerves from the cord below the seat of the 
disease; in tabes dorsalis there is formicatio or tingling, not merely in 
the mesial line of the back, but in the skin of the whole body, or of 
its lower half. 

From the foregoing remarks it will be conceived that the aura 
epileptica, (a kind of ^^formicatio,^’) which is felt in the extreme 
parts of the body before an attack of epilepsy, has its cause and true 
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seat, not in those parts, but in the spinal marrow or brain. It is the 
first sj^mptom of the affections of the spinal marrow and brain which 
show themselves during the attack. Should an epileptic fit be occa¬ 
sionally arrested by the application of a ligature to the limb above 
the seat of the aura epileptica, it must be owing, not to the ligature 
preventing the transmission of any morbid matter, but to its pro¬ 
ducing a strong impression on the sensorium. It must be remarked, 
however, that in the form of epilepsy which is dependent on tumours 
of the nerves, a ligature applied to the limb really arrests the propa¬ 
gation of the irritation to the spinal cord. 

If a tourniquet is applied to the arm above the elbow-joint, the 
first effect is the sensation of pins and needles in all parts of the hand, 
then gradually numbness and the sensation of cold ensue, and at last 
insensibility to external stimuli. If now the nerves in the axilla and 
arm, above the tourniquet, are irritated mechanically by means of 
the fingers, the sensation of an electric shock will be felt in the hand 
as distinctly as when the nerves of the fore-arm and hand are not 
paralysed by pressure. 

VIII. When a limb has been removed by amputation^ the re¬ 
maining portion of the nerve which ramified in it may still be the 
seat of sensations, which are referred to the lost part. —This is a 
fact known to all surgeons, and is subject to no exception. It is 
usually said that the illusion continues for some time, namely, as long 
as the patient is under the care of the surgeon; but the truth is, that 
in most cases it persists throughout life: of this it is easy to convince 
oneself by questioning a person whose limb has been amputated, at 
any period after the operation. The sensations are most vivid while 
the surface of the stump and the divided nerves are the seat of in¬ 
flammation, and the patient then complains of severe pain felt, as if 
in the whole limb which has been removed. When the stump is 
healed, the sensations which we are accustomed to have in a sound 
limb are still felt; and frequently throughout life tingling, and often 
pains, are felt, which are referred to the parts that are lost. These 
sensations are not of an undefined character: the pains and tingling 
are distinctly referred to single toes, to the sole of the foot, to the 
dorsum of the foot, to the skin, &c. These important phenomena 
have been absurdly attributed to the action of the imagination, &c. 
They have been treated merely as a curiosity; but I have convinced 
myself of their constancy, and of their continuance throughout life,— 
although patients become so accustomed to the sensations that they 
cease to remark them. The feeling of tingling or creeping of ants 
in the hand, foot, or whole extremity, with the same distinctness as 
when the limb is still present, may be excited much more vividly by 
applying a ligature or tourniquet to the stump, or by exerting pressure 
on its nerve; hence patients have the feeling of their lost limb most 
distinctly, when from any cause the application of the tourniquet is 
again necessary. If the patient have suffered before amputation 
from a local painful affection of the limb, the whole limb will still be 
felt as if in pain after its removal; and pain will be felt as if in the 
46 
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whole limb, at the moment when the nerve is divided, and during 
the inflammation of the stump.* 

* The following are examples of these phenomena:— 

a. A woman who had lost the sensibility of one arm, had the same limb frac¬ 
tured; mortification ensued in it, and it was amputated in the surgical clinical ward 
at Bonn. The amputation was not felt; but the division of the nerve must have 
excited its sensitive power, for in the same night the woman complained of pains, 
felt as if in the fingers. 

b. .Toh. Wolff, a journeyman tailor in Bonn, had his leg amputated at the first 
third of the thigh, twelve years ago. Immediately after the operation his sensa¬ 
tions were those of his limb being still present; and, on the following day, he com¬ 
plained much of pains in the leg, extending to the toes. On the same day the 
arm was removed in another patient, and he likewise complained afterwards of 
pains in the hand and whole arm. Wolff I found, after the expiration of twelve 
years, to have still feelings which seemed to be seated in the toes and sole of the 
lost foot, and occasionally severe pains referable to the sole. Sometimes, from 
pressure in lying, the stump had the sensation of being asleep; and then, as well 
as frequently at other times, he felt a tingling as if in the toes. I applied a tourni¬ 
quet to the stump, so as to press upon the ischiadic nerve; and he immediately 
said that he felt his leg asleep, and a very distinct tingling in the toes. 

c. A student in surgery, a Jew, had his arm amputated above the elbow, on 
account of disease of the joint. As long as w'e had an opportunity of observing 
him, he could still feel the lost arm. 

d. A student named Schmidts, from Aix, had his arm amputated above the 
elbow, thirteen years ago; he has never ceased to have sensations as if in the 
fingers. He imagines that he feels the hand in a bent position. He feels a prick¬ 
ing in the fingers, particularly when he lies upon the stump, so as to press the 
brachial nerves. I applied pressure to the nerves in the stump; and M. Schmidts 
immediately felt the whole arm, even the fingers, as if asleep. 

e. My “commissionaire,” during my stay in Leyden, had lost his arm by am¬ 
putation above the elbow, twelve years before; but he had still occasionally the 
sensation of tingling, as if in the fingers, particularly when he lay upon his arm. 

f. Vir quidarn in nosocomio Judaico Berolinensi, cui pes sinister, et alter cui 
brachium sinistrura amputatum erat, dicebant ambo, alter post hebd. 14 alter 17, 
se per operationem nihil commodi nactos esse; alter querebatur de dolore vehe- 
menti pedis, et alter brachii, cum tamen non tarn male eos habuisset quam in 
primis hebdomadibus post factam operationem, et uterque non per hebdomades, 
sed per menses hosce, sensus hujus fallacis diminutionem habere fatebatur. (Le- 
mos. Dissert, inaug. qu® dolorem membri amputati remanentem explicat. Hal. 
1798, p. 33.) 

g. Nunc temporis etiam ibi versatur juvenis cui ante novem menses brachium 
sinistrum demtum est. In hoc eadem sensatio sub quinio et sexto mense post 
operationem decessit, sed mense octavo aliquot dies, ubi vehementior esse coepit, 
habuit, ut interdiu tantum ope oculi et nocte ope manus alterius jacturae hujus se 
convincere possit. (Ibid. p. 33.) The author of the dissertation from which these 
cases are extracted, attributes the phenomena to the association between the two 
extremities, which is not a satisfactory explanation, for this association should first 
be explained. 

h. A toll-keeper in the neighbourhood of Halle, whose right arm had been shat¬ 
tered by a cannon-ball in battle, above the elbow, twenty years ago, and afterwards 
amputated, has still, (in 1833,) at the time of changes of the weather, distinct 
rheumatic pains, which seem to him to exist in the whole arm; and though re¬ 
moved so long ago, the lost part is at those times felt as if sensible to draughts of 
air. This man also completely confirmed our statement, that the sense of the 
integrity of the limb is never lost. 

i. A man whose hand had been amputated, had still, seven years afterwards, 
namely, at the time of his death, pains which seemed to him to have their seat in 
the hand. (Klein, in Graefe u. Walther’s Journ. f. Chirurg. iii. 408.) Professor 
Valentin (Repertor. fur Anat. und Physiol. 1836, p. 339,) has observed, that indi- 
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I do not speak of the dreams of individuals who have lost limbs 
by amputation, nor of the vivid perceptions such persons have of 
sensations, apparently in the entire limb which is lost, when the 
stump is pressed upon from the position of the body; for these are 
necessary consequences of the persistence of the internal sensations 
of the limb generally throughout life. 

IX. The relative position of the primitive fibres of the nerves at their 
origins and in the nervous trunks, is not altered by a change of the rela¬ 
tive position of their peripheral extremities; and hence we find that, when 
the relation of the fibres at their peripheral extremity is changed, the 
sensations of which they are the seat, are referred to the same spots 
as before .—This is exemplified in the phenomena observed when 
the peripheral extremities of nerves have their relative position 
changed artificially, as in the transposition of portions of skin. 
When, in the restoration of a nose, a flap of skin is turned down 
from the forehead and made to unite with the stump of the nose, 
the new nose thus formed has, as long as the isthmus of skin by 
which it maintains its original connection remains undivided, the 
same sensations as if it were still on the forehead; in other words, 
when the nose is touched the patient feels the impression in the fore¬ 
head. This is a fact well known to surgeons, and was first observed 
by Lisfranc. When the communication of the nervous fibres of the 
new nose with those of tlie forehead is cut off by division of the 
isthmus of skin, the sensations are of course no longer referred to 
the forehead; the sensibility of the nose is at first absent, but is 
gradually developed. 

Another phenomenon, perfectly similar in its nature to the fore¬ 
going, and explicable on the same principles, is that, when we cross 
the fore and middle fingers, and roll a small globular body—for 
example, a pea—between the opposed surfaces of the fingers, these 
surfaces being those which in the natural state are turned from each 
other, we seem to feel two globular bodies. When we touch a small 
spherical body with two fingers in their natural position, we do not 
in fact feel a globe, but merely two convex surfaces, which we 
imagine, or infer, to belong to a globular body. If, now, we cross 

viduals who are the subjects of congenital imperfection, or absence of the extremi¬ 
ties, have nevertheless the internal sensations of such limbs in their perfect state. 
A girl, aged 19 years, in whom the metacarpal bones of the left hand were very 
short, and all the bones of the phalanges absent,—a row of imperfectly organised 
wart-like projections representing the fingers,—assured M. Valentin that she had 
constantly the internal sensation of a palm of the hand and five fingers on the 
left side as perfect as on the right. When a ligature was placed around the stump, 
she had the sensation of “formication” in the hand and fingers; and pressure on 
the ulnar nerve gave rise to the ordinary feeling of the third, fourth, and fifth 
fingers being asleep, although these fingers did not exist. The examination of 
three other individuals gave the same results. These observations would seem to 
show, that in such imperfectly developed limbs the primitive nervous fibres des¬ 
tined for the absent parts are present. And if the cases examined by Prof. Valen¬ 
tin were not examples of spontaneous amputation during the foetal state, similar to 
those described by Dr. Montgomery (Dublin Journal, vols. i. and ii.), and Dr. 
Simpson (Ibid. vol. x.), they would prove that arrest of development does not 
always depend on deficiency of the nerves of the part. 
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the fingers, and make the two sides, which were previously external 
and turned from each other, internal and opposed to each other, the 
sensations, like the fibres in their connection with the brain, main¬ 
tain the same relative position as if the fingers had not been crossed. 

h. Of the radiation of sensations. 

Occasionally it happens that one sensation excites another, or that 
sensations in disease extend to parts not actually affected. These 
phenomena are not rare in the state of health. Thus, the tickling 
sensation in the nose, excited by the influence of a strong light on 
the eyes, the extensive sensations arising from the excitement of a 
limited spot by tickling, the general sensations consequent on the 
irritation of the organs of generation in coitus, are of this nature; as 
also those excited by the near and startling report of a gun, and the 
sensations of trickling of water over the surface, and of shuddering, 
caused by hearing certain sounds, such as the scratching of glass, or 
by biting sandy substances. The pathological phenomena of this kind 
are, however, much more numerous: for example, the toothache ex¬ 
tends from the situation of the irritating cause over the whole face; 
pain in one finger extends to the hand, arm, and the other fingers, 
without our being able in all cases to suppose that the exciting cause 
of the pain has been actually communicated to all these parts. The 
radiated sensations are more especially extended when excited by a 
tumour of a nerve, as in a case related in the Medical Gazette, 1834.* 
After amputation of the thigh, a swelling formed in the ischiadic 
nerve at its extremity, where it was also firmly united to the cicatrix 
and bone; after a short time the skin of the entire stump, and some¬ 
times even distant parts, such as the integuments of the abdomen, 
became affected with severe pain without any inflammatory symp¬ 
toms; but the stump being amputated at a higher point, the pains did 
not return. It is only necessary to hold for a certain time to a point 
of the skin a body of a burning temperature, to convince oneself that 
sensations can be produced in surrounding nervous fibres, which are 
not themselves immediately affected by the exciting cause. In the 
healthy state, such sympathetic sensations would be very inconve¬ 
nient; hence nature has avoided their occurrence, by making the 
individual nervous fibres insulated in their action; for if the fibres 
from ten different points of the skin united to form one fibre before 
reaching the brain, only one impression from these ten points could 
be perceived by the sensorium, and it could be referred only to one 
spot; and if each primitive fibre in its course became united with 
nine other fibres which were afterwards continued isolated to the 
brain, the irritation of a single spot of the skin, even in the state of 
health, would be attended in its propagation to the brain by nine 
other sensations in other parts. Now, in the healthy state this does 
not usually occur; and it cannot, because of the isolation of the ner¬ 
vous fibres in their course to the brain. But there are cases which 

* Observations on the Neuralgic Affections of stumps after amputation, by Mr. 
J. F. Crookes. The rationale of the phenomena suggested by Mr. Crookes is 
very similar to the second explanation mentioned by Prof. Muller. 
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are exceptions to this rule; and how can the secondary sensations in 
such instances be accounted for? 

In what light now are we to regard the action of the sensitive 
fibres or sensitive nerves thus secondarily affected? Is it reflex action 
derived from the brain and spinal cord? Does a current pass from 
the cerebral or spinal extremity of the nerve in a retrograde course 
to its peripheral extremity? or, if there is no current, but merely os¬ 
cillation of a nervous principle, does the impression conveyed to the 
brain by the nerve primarily excited, give rise to a reflex oscillation 
in another nerve from its cerebral to its peripheral extremity? It is 
exceedingly probable that there is, at all events, a reflection of the 
irritation from the spinal marrow or brain upon the nerve of sensa¬ 
tion. It must be remarked, however, that if we explain the sympa¬ 
thetic sensatioirs by such reflex action, we must presuppose that 
currents or oscillations can be propagated in the sensitive nerves in 
both directions,—from the brain as well as towards it. It is not 
known whether this be possible, or whether the sensitive nerves can 
propagate their actions in the centripetal direction only. It is inter¬ 
esting, therefore, to know that we can explain the phenomena, even 
though the sensitive nerves do not act in the centrifugal direction. 
We have seen that the same sensation seems to be produced 
at whatever point of its length a nervous fibre is irritated, whe¬ 
ther at its peripheral extremity, at its middle, or at its origin in 
the brain and spinal cord; and that this sensation is felt in the parts 
to which the nerve is ultimately distributed: the mere “radiation” 
of an impression, therefore, from one sensitive nerve in the substance 
of the brain or cord, so as to affect the origins of other sensitive 
fibres, will be sufficient to produce sympathetic sensations. We 
know in fact that, in affections of the spinal cord, the sensations are 
felt in the peripheral parts of the body; thus inflammation of the 
spinal cord is attended with violent pain in the limbs. The radia¬ 
tion of sensations may have a similar cause. 

c. 0/ the coincidence of several sensations. 

Sensations appear to be clearly defined and distinct in proportion 
to the number of primitive fibres distributed to the part in which 
they are excited; the fewer the primitive fibres which an organ re¬ 
ceives, the more likely is it that several impressions on different con¬ 
tiguous points will act only on one nervous fibre, and hence be 
confounded together, producing but one sensation. Prof. E. H. 
Weber {Jinnotat. *B.nat. et Physiol, p. 44—81,) has made some 
interesting observations relative to the degree of distinctness of sen¬ 
sations in different parts of the body, as measured by the power of 
distinguishing distances. The experiments consisted in touching the 
skin, while the eyes were closed, with the points of a pair of com¬ 
passes sheathed with cork, and in ascertaining how close the points 
of the compasses might be brought to each other and still be felt as 
two bodies. The experiments were numerous; the following are 
the results:—The extremity of the third finger and the point of the 
tongue were found to be the parts of which the sensibility was most 

46* 
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acute; a distance of as little as 4 of a line being here distinguished. 
On the dorsum of the tongue the two points of the compasses to be 
felt distinctly, that is, to excite two sensations, required to be sepa¬ 
rated to the extent of two lines. With the extremities of the fingers, 
and the point of the tongue, the distance could be distinguished most 
easily in the longitudinal direction; on the dorsum of the tongue, the 
face, the hairy scalp, the neck, the whole arm, and the foot, the dis¬ 
tance between the points of the compasses could be recognised best 
when they were placed transversely. The following table shows 
the degree of sensibility of different parts as evidenced by the dis¬ 
tances at which the two points of the instrument could be felt as two 
distinct bodies:— 


Point of the tongue 
Palmar surface of third finger 
Red surface of the lips . . 

Palmar surface of second finger . 

Dorsal surface of third finger 
Tip of the nose 

The palm over the heads of the metacarpal bones 
Dorsum of the tongue one inch from the tip 
Part of the lips covered by the skin . 

Border of the tongue an inch from the tip . 

Metacarpal bone of the tliumb . 

Extremity of the great toe 
Dorsal surface of the second finger 
Palm of the hand 

Skin of the cheek . . 

External surface of the eyelids . 

Mucous membrane of the hard palate 
Skin over the anterior part of the zygoma . 

Plantar surface of the metatarsal bone of the great toe 
Dorsal surface of the first finger 
On the dorsum of the hand over the heads of the metacarpal bones 
Mucous membrane of the gums . 

Skin over the posterior part of the zygoma 
Lower part of the forehead . . 

Lower part of the occiput , . . 

Back of the hand . . . 

Neck, under the lower jaw . 

Vertex . . . . 

Skin over the patella 

-—-sacrum . . . 


The leg near the knee and foot . . 

Dorsum of the foot near the toes . 

The skin over the sternum 

—. .over the five upper vertebrae 

--over the spine near the occiput . 

-in the lumbar region 

-in the middle of the neck 

-in the middle of the back 

The middle of the arm 
-thigh 


4 a line. 

1 line. 

2 lines. 
2 “ 

3 » 

3 “ 

3 “ 

4 “ 

4 « 

4 “ 

4 “ 

5 “ 

5 “ 

5 “ 

5 “ 

5 “ 

6 « 

7 « 

7 « 

7 “ 

8 “ 

9 « 

10 “ 

10 “ 

12 « 

14 “ 

15 ‘‘ 

15 « 

16 ‘‘ 

18 •• 

18 “ 

18 “ 

18 “ 

20 « 

24 “ 

24 “ 

24 « 

30 « 

30 “ 

30 « 

30 ‘‘ 


The distance between the points of the compasses seemed to be 
greater when felt by the more sensitive parts than when it was esti¬ 
mated by parts of less distinct sensibility. When the points of the 
instrument were applied in a line drawn round the thorax, two spots 
were found, namely, in the middle line before and behind, at which 
the sensibility was more defined than elsewhere. If the points of 
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the compasses were applied in the same line, but in the direction 
parallel with the axis of the body, four spots were found especially 
sensitive; two of these were situated before and behind, in the 
middle line, and two at the sides. If the points of the instrument 
were placed either transversely or longitudinally in a line drawn 
from the chin to the pubes, the sensibility was found to be most dis¬ 
tinct on the chin, less on the neck, again more distinct over the 
sternum, less so at the upper part of the abdomen, again more dis¬ 
tinct at the navel, and indistinct in the neighbourhood of the os pubis. 
In the middle of the back the most defined sensibility was found just 
below the occiput and over the coccyx. Along the side of the 
trunk, the most distinct sensibility was found in the axilla and in the 
groin.* 

The accuracy with which impressions are perceived does not 
depend essentially on the presence and number of the papillae; for 
the sensibility of the nipple is indistinct, and the most acute sensi¬ 
bility of the tongue is limited to the tip: hence Weber supposes the 
difference of sensibility to depend on the number, course, and 
mode of termination of the nervous fibres. I coincide entirely in 
this opinion, and will merely remark, that the greater or less facility 
for the radiation of impressions in different parts of the brain and 
spinal marrow may have some share in the production of these 
differences. 

The greatest power of distinguishing distances by sensation is 
possessed by the retina. It is interesting, with reference to the laws 
of sensations, to know that the size of the globules of the retina 
corresponds to that of the smallest sensible points on it. Weber 
found that the globules of the retina measured from to of 
an inch in diameter; and the smallest angle of vision at which two 
points can be distinguished is 40"; from which Smith calculated that 
the most minute sensitive point of the retina measured of an 
inch. Weber remarks, that when two impressions fall upon such a 
point, they will give rise to but one sensation.t Baumgaertnerf at¬ 
tributes our indistinct perception of objects, of which the extent is 
seen at a less angle than 13 seconds, to the physiological radiation 
of sensations. 

A very remarkable instance of the coincidence or “identification’’ 
of sensations is afforded by two corresponding nerves of the op¬ 
posite sides of the body, namely, the optic nerves; no parallel case 
can be found in the whole body, and it must here depend on some 
special provision of structure. Impressions on the corresponding 
sensitive nerves of the right and left sides in no other instance give 
rise to a single sensation. Similar impressions on the two hands 

* Valentin has repeated these experiments on himself and four other persons, 
with results which agree in the main with those obtained by Weber, but which 
prove that the same parts of the surface may differ very cohsiderably in the acute¬ 
ness of their sensibility in different individuals. See Valentin, De Function. 
Nervor. p. 119. 

f Weber’s edition of Hildebrandt’s Anat. i. p. 165. 

Zeitschrift fiir Physik und verw’andte Wissench. ii. Bd. 3 Hft. p. 236. 
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are felt distinctly, not as one sensation; on the contrary, the two 
being conveyed to the sensorium give rise in it to two distinct sensa¬ 
tions. In the eyes or optic nerves, however, we meet with the 
anomaly that certain fibres of the one nerve with certain fibres of 
the other have but one and the same sensation, hence the phenomenon 
of single vision with two eyes. 


CHAPTER III. 

OF THE REFLEX ACTION BY WHICH IMPRESSIONS ON SENSITIVE 
NERVES GIVE RISE TO MOTIONS. 

The occurrence of motions consequent on sensitive impressions 
has been known, not merely to the earlier physiologists, but to the 
cultivators of medicine in all ages. Physiologists have generally 
followed Willis in ascribing them to nervous communication by 
means of the ganglionic or sympathetic nerve, which hence ac¬ 
quired the latter epithet. Cornparetti [Occursus Medici. Vcnetiis, 
1780,) wrote an entire work, for the purpose of explaining the 
morbid consensual phenomena by communications between nerves. 
These views were adopted by most physiologists; and even very 
recently, (see Tiedeman, Zeitschrift fur Physiol, i. 1825,) new 
anatomical facts relating to the nerves have received applications 
agreeing with them.* * * § 

Some even of the earlier physiologists, however, as Haller, Cul¬ 
len,! Whyttjf Monro,§ and others, were dissatisfied with this theory 
of sympathies. Whytt and Cullen believed the phenomena to take 
place through the intervention of the sensorium, and to be conse¬ 
quent on sensations. It is but very recently, however, that these 
sympathetic motions have been investigated in an exact and ex¬ 
perimental manner. Several important facts, unfavourable to the 
hypothesis of these phenomena being dependent on the sympathetic 
nerve, were noticed by Mayo {Jlnatom. and Physiol. Com¬ 
mentaries,) in 1823. It had been usual to attempt to account for 
the fact of the motions of the iris being determined by the influence 
of light on the retina by communications supposed to exist between 

* The sympathetic movements seem to have been generally attributed by 
physiologists in Germany, during the last few years, to nervous communications; 
such, however, has not been the case in this country. The opposite view has 
been adopted by the modern English authors who have published original works 
on Physiology. 8ee Dr. Alison’s Outlines of Physiology, 1831, and Transact, 
of the Med. Chir. Society of Edinb. vol. ii.; Dr. Bostock’s Elements of Physio¬ 
logy, 1827, vol. iii. p. 224, and Mr. Mayo’s Outlines of Physiol. 2d edit. 1829, 
pages 339 and 344. 

) Institutes of Medicine, pt. i. 

! On Sympathy and Nervous Diseases (in the German edition of Whytt’s 
works, p. 241.)—An Essay on the Vital and other Involuntary Motions. Edinb. 
1751, p. 248. 

§ On the Nervous System. (Lsipzic edition. 1787.) 
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the optic nerve and the sympathetic. But Mr. Mayo’s experiments 
on the nerves of the eye, with reference to the motions of the iris, in 
which it was shown that these motions are etfected by the action of 
the third nerve, and may be excited by irritation of the optic nerve 
(as by stretching it), proved that the phenomenon must be produced 
through the medium of the brain. After dividing the optic nerve 
within the cranial cavity in a pigeon, he was still able to excite con¬ 
traction of the pupil by exerting traction on the portion of the optic 
nerve connected with the brain. The principle of the reflection of 
the irritation from the sensitive upon the motor nerves through the 
medium of the central organs of the nervous system, was, however, 
first shown to be generally applicable in the explanation of all 
motions consequent on sensations, by the researches of Dr. Marshall 
Hall* and myself, published in 1833, in which the theory was estab¬ 
lished by new facts to be the true mode of explaining a great 
number of known but ill-understood phenomena.t 

A later work {Memoirs on the Nerv. Syst. Lond. 1837,) by Dr. 
Hall contains the continuation of his researches. The facts observed 
by Dr. Hall and myself are very similar, but we differ much in our 
mode of explaining them. I have brought forward arguments in 
favour of the old opinion of the reflection of impressions from sensi¬ 
tive nerves upon motor nerves through the intervention of the central 
organs. Dr. Marshall Hall, on the contrary, in his last work, intro¬ 
duces an entirely new principle into the explanation, which is thereby 
rendered quite distinct from that which I adopt. Volkmann has added 
several important facts confirmatory of the doctrine of reflex action. 
The following is my view of the subject, as given in the former 
edition of this work, together with a sketch of Dr. Hall’s investiga¬ 
tions, and a comparison of the different views offered to explain the 
phenomena:— 

When impressions, made by the action of external stimuli on sensitive 
nerves, give rise to motions in other parts, these are never the result of the 

* The paper of Dr. Hall, which is here referred to, appeared in the second part . 
of the Philos. Transactions for 1833. 1 first stated my views in the first edition 
of the first part of this work, which appeared in the spring of that year, in the 
chapter on the Respiratory Movements, and more fully in the second part of the 
work in the following year, 1834, after Dr. Hall’s paper had appeared. A paper 
by Dr. Hall had, however, been read at the Zoological Society on this subject in 
1832; he has, therefore, the priority. Dr. Hall published an account of my 
views, and a comparison of them with his own, in the Lond. and Edinb. Mag. 
vol. X. No. 58. 

f Here Professor Muller is certainly in error. Earlier physiologists have taken 
an extended view of the sympathetic or reflected motions; they have recognised 
the principle of their dependence on an impression conveyed to the brain and 
spinal cord, have distinguished them from the motions dependent on conscious¬ 
ness and volition, and have even indicated the parts of the central organs of the 
nervous system which are capable of reflecting impressions communicated to them 
by sensitive nerves, so as to excite motions. See especially Dr. Henry Ridley 
(Anatomy of the Brain, cap. xviii. p. 162, et seq.), Dr. Whytt (On the Vital and 
other Involuntary Motions of Animals. Edinb. 1751. Works, p. 153, 162, 506, 
and 511). Cullen (Works, vol. i. p. 109, et seq.), and Prochaska (Annotat. 
Academicae, 1784. Opera Minora, 1800. Lehrsatze aus der Physiologie. Wien. 
1797 .)— Translator. 
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direct reaction of the sensitive and motor fibres of the nerves on each other; 
the irritation is conveyed by the sensitive fibres to the brain and spinal 
cord, and is by them communicated to the motor fibres. —This law, 
which is of extreme importance in physiology and pathology, from 
its explaining a great number of phenomena, requires to be strictly 
proved, and this can be done by experiment, 

I will, in the first place, demonstrate that, after the union of the 
two roots of a nerve, the sensitive and motor fibres themselves do not 
unite, but are continued quite distinct from each other to the parts 
which they respectively supply; and hence, that in the cases also 
where nervous sympathy is not in play, the sensitive and motor 
fibres in the nerve itself have no reciprocal action on each other. 
This may be easily proved in the following manner:—Having 
divided a mixed (motor and sensitive) nerve, irritate the portion of it 
which is connected with the brain or spinal cord; violent pain will 
be produced, which the animal may express by movements of flight, 
by cries, &c.; but the motor fibres of the branches coming off from 
the irritated portion of the nerve are not excited to action, no con¬ 
tractions of the muscles to which they are distributed take place. 

1. In many animals, by the mere division and contusion of the 
spinal cord. Thus, every touch excites general spasms in the tor¬ 
toise after its decapitation; the same phenomenon is produced in very 
young birds, if they are touched the very moment after they are de¬ 
capitated, and, as we have shown, in all parts of the trunk of the 
land salamander after it had been cut into many segments. 

2. The same degree of irritation of the spinal cord exists in frogs 
during the first stage of poisoning by narcotics; and also in Mam¬ 
malia, in which, after poisoning by nux vomica, general spasms are 
immediately produced, when they are laid hold of at any part or in 
any manner. Tliis state of excitable exhaustion (reizbare Schwache) 
almost always precedes the stage of paralytic exhaustion. 

3. Other causes, also, which produce exhaustion of the brain and 
spinal marrow, by excessively exciting them, give rise to the same 
phenomenon. In persons in whom the nervous system is in that 
state of exhaustion which is accompanied with great excitability, 
every sudden impression on the nerves, whether by sound, touch, or 
mechanical shock, causes the whole frame to start. Such a state of 
the spinal cord is produced by excitement of the generative organs, 
and through them of the spinal cord, and by other causes. We may 
here remark, that any excitement of the nervous system may induce 
three states in succession: First, the state of excitement with the 
powers unimpaired; secondly, in proportion as the excitation is re¬ 
peated, a state of exhaustion with excitability; and thirdly, atonic 
exhaustion. 

4. Severe local irritation of the sensitive nerve may, by the in¬ 
tensity of the impression conveyed to the brain and spinal marrow, 
give rise to twitchiugs of the muscles and tremours, as we observe 
to be produced by severe local burns, extraction of a tooth, &c. 

5. Local irritation of the nerves, from inflammation or ganglionic 
enlargements, also frequently gives rise to general spasms, even to 
epilepsy. 
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6. The irritation of the spinal cord, arising from local excitement 
communicated by sensitive fibres, may be so intense that the spasms 
are constant, and continue without any new stimulus, such as the 
contact of a substance with the surface. Such is tetanus traumaticus, 
a violent irritation of the spinal cord, arising from severe injuries of 
the nerves. Every intense irritation of the spinal marrow generally 
is tetanus, whether it be caused by narcotic poisons acting directly 
upon it, or by local irritations conveyed to it through the nerves. 
The production of tetanus is intelligible, if the above facts established 
by experiment are taken into consideration. 

7. Great irritation of the sympathetic nerves in the intestinal canal 
likewise, being propagated to the central organs of the nervous sys¬ 
tem, gives rise to secondary general cramps: it is thus that we must 
explain the cramps which attend sporadic cholera, and the intestinal 
affections of children. 

The facts thus far considered, merely lead us to admit, as a law, 
that, whenever general spasms are excited by local impressions, the 
phenomenon depends on no other communication between the sensi¬ 
tive and motor fibres than what exists in the spinal cord. In very 
many cases, however, local irritation of the nerves gives rise, not to 
general, but to local muscular spasms; in which case, again, the 
spinal cord is to be regarded as the bond of communication between 
the sensitive and motor fibres. The cases of this kind are the fol¬ 
lowing:— 

1. The most simple is that in which the local irritation of the sen¬ 
sitive fibres being propagated to the spinal cord or brain, excites 
merely local spasms,—spasms, namely, of those muscles, the motor 
fibres of which arise from the same part of the spinal cord as the 
sensitive fibres that are irritated. Of such a case we have instances 
in the spasms and tremours of limbs on which a severe burn is in¬ 
flicted, &c. Certain parts of the frame which are exceedingly ex¬ 
citable,—for example, the iris,—are very readily made to contract, 
even when only feeble stimuli affect other sensitive nerves. It has 
been long known that the action of light on the iris itself does not 
excite its contraction, that the light effects the iris through the 
medium of the optic nerve and brain; for this was proved by the ex¬ 
periments of Lambert, Fontana, and Caldani. Rays of light, passed 
through a small coue of paper, or through a hole in a sheet of paper, 
and directed so as to fall through the pupil upon the retina, excite 
immediate contraction of the iris, but have no such influence when 
made to fall upon the iris itself. The iris of an amaurotic eye, again, 
is fixed as long as the sound eye is closed, but contracts when the 
sound retina is exposed to the stimulus of light. The exceptions to 
this rule, in which the iris of amaurotic eyes has possessed mobility, 
(see Tiedemann*s Zeitschrift, i. p. 252,) may have been cases of 
imperfect amaurosis; or, if only one eye was amaurotic, the motion 
of the iris in the diseased eye might have arisen from the other eye 
being open. Among the most simple cases of reflected excitation, 
may be instanced also the winking of the eyelids under long-continued 
influence of light, or in consequence of a loud noise, or a threatening 
mpression on vision. 
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In the case also of the contractions of all the perineal muscles in 
expelling the semen, which are excited by irritation of the sensitive 
nerves of the penis, the spinal cord is the medium of communication 
between the sensorial impressions and the movements. 

2. The second case is that, where the excitement of the sensitive 
nerves is entirely local, but the reflected influence from the brain 
more extended. Of this we have an instance in the phenomena ac¬ 
companying coughing; in which not merely the vagi, but, to pro¬ 
duce the contractions of the thoracic and abdominal muscles, the 
spinal nerves also are called into action. A number of spasmodic 
movements of the organs of respiration, as sneezing, hiccough, vomit¬ 
ing, &c. are produced in the same manner; they all arise from irrita¬ 
tion of the pulmonic and intestinal tracts of mucous membrane, that 
is to say, from irritation of the sensitive nerves of these parts, which 
is propagated to the brain, and there excites to action the source of 
motor power for the respiratory movements which is the medulla 
oblongata. It appears almost certain that the ordinary respiratory 
movements also are the result of a reflex nervous action, (see the 
account of the respiratory movements in the 4th Book.) We have 
already noticed in the section on respiration the remarkable circum¬ 
stance, that the whole system of respiratory nerves can be excited to 
action by irritation of any part of the mucous membranes, from the 
mouth to the anus, from the nostrils to the lungs. The mode of pro¬ 
duction of sneezing we have already explained. 

Any considerable irritation in the intestines or urinary organs has 
a tendency to cause contraction of the diaphragm and abdominal 
muscles, by which a diminution of the cavity of the abdomen is 
produced and its contents expelled by the mouth when in the sto¬ 
mach, or otherwise by the anus, by the urinary organs, or by the 
generative organs, as in parturition. The expulsion of the foetus in 
some cases after the death of the mother, and the fact that the finger 
introduced into the pharynx of a decapitated animal is tightly seized, 
show us the importance and intimate connection with life of this 
property which the spinal cord enjoys of issuing its motor influence 
when its sensitive nerves are affected by a local stimulus. If the 
sympathetic plays any part in the production of these phenomena, 
for instance, in vomiting, it can do so only by transmitting to the 
central organs, like all other sensitive nerves, the impression made 
upon its peripheral extremities. And it certainly may have this 
action, for by irritating the splanchnic nerve with a needle, I have 
been able to produce contractions of the abdominal muscles in rab¬ 
bits. 

3. In the second kind of cases, the reflex action affects a large 
group of nerves—the respiratory nerves, and it is excited most fre¬ 
quently by irritation of a mucous membrane. When this irritation, 
however, is more intense, the irritation of the spinal cord becomes 
extensive, and is reflected upon almost all the nerves of the trunk. 
Thus, in severe cases of sporadic cholera (the Asiatic cholera I do 
not refer to, on account of the obscurity of its nature), cramps some¬ 
times affect even the trunk. 
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4. Ill the reflected motions produced by violent impressions on the 
sensitive nerves of the skin, and not of the mucous membranes, the 
respiratory movements are not sympathetically excited,* but rather 
spasmodic contractions of the muscles supplied by the whole system 
of nerves of the trunk, without any spasmodic movements of respi¬ 
ration. Of the extreme degree of such an affection we have instances 
in the epileptic convulsions from local affections of the nerves, and in 
traumatic tetanus from injury of a nerve. 

Dr. Marshall Hall distinguishes four kinds of muscular con¬ 
traction:— 

1. The voluntary, which appears to be dependent on the brain. 

2. The respiratory, for which the nervous influence is apparently 
derived from the medulla oblongata. With regard to these move¬ 
ments Dr. Hall has since altered his opinion. He now classes them 
with the excited movements dependent on reflex nervous action. 

3. The involuntary, dependent merely on the nerves and muscles, 
and requiring the direct application of the stimulus to the muscles 
provided with nerves, or to the nerves of the muscles. 

And, 4. The reflected muscular motion, which subsists in'part after 
the voluntary and respiratory motions have ceased, and which is at¬ 
tached to the spinal cord, ceasing itself when this is removed, and 
leaving the mere muscular irritability undirninished. 

All the phenomena agree in the circumstance of the spinal cord 
being the medium of communication between the centripetal ner¬ 
vous action produced by the exciting stimulus, and the subsequent 
motor action of the nerves; but the different “paths” of communi¬ 
cation in the spinal cord may be more distinctly deflned. The most 
common form of reflected motion is that where violent impression on 
sensitive nerves excites muscular contractions in the same limb: this 
is observed when the skin is burnt; and, in the first stage of narcoti¬ 
sation of an animal, a stimulus applied to the skin excites contractions 
most readily in the irritated part: thus, also, the stimulus of the food 
in the fauces excites the act of deglutition; dust on the conjunctiva, 
closure of the eyelids; and the irritation of the urine and faeces, the 
contraction of the sphincters. Hence we see that irritation propa¬ 
gated to the spinal cord most readily affects those motor nerves which 
arise nearest to the roots of the exciting sensitive nerves: in other 
words, that it is most prone to pass from the posterior roots, or the 
individual fibres of these roots, to the anterior root of the same nerve, 
like electricity, leaping by the most direct course from one pole to 
the other. To express it more correctly, and in the language of phy¬ 
siology, we may say that when the motor influence of the spinal cord 
is strongly excited by a sensitive nerve, that part only is at first af¬ 
fected which is nearest to the root of that nerve; and that the 
irritation of the cord, and of the motor nerves arising from it, dimi¬ 
nishes in proportion with the distance from that point. In the same 
way, in the brain the irritation is communicated from certain sen- 

* A sudden application of cold to the surface, however, is well know'n to excite 
a spasmodic movement of inspiration. 

47 
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sitive to certain motor nerves. Thus, as we have shown, the optic 
and acoustic nerves, and the sensitive branches of the fifth nerve, are 
prone to excite reflex actions of the ciliary branches of the third pair 
and of the facial nerve. In their original formation, indeed, some 
provision must have been made for the reaction of the roots of these 
nerves on each other. Mr. Mayo* seems to maintain that proximity 
of origin is a general condition when sentient and motor nerves are 
thus associated in their functions. 

The sensitive and motor nerves which thus react on each other 
through the medium of the brain and spinal cord, seem to stand in 
such a mutual relation, that a change in the condition of one produces 
a change in the other; just as one scale of a balance rising causes 
the other to descend, or as the sinking of a fluid in one branch of a 
bent tube makes it rise in the other. 

The form of reflex action next in frequency to that just described, 
is the production of spasmodic contractions of the respiratory muscles 
from irritation of the mucous membranes. Hence there must pre¬ 
exist in the medulla oblongata and spinal cord some means of ready 
communication between the sensitive nerves of the mucous mem¬ 
branes (the fifth nerve in the nostrils; the vagus nerve in the trachea, 
lungs, pharynx, oesophagus, and stomach; the sympathetic nerve in 
the intestines and uterus; and branches of the sacral plexus and the 
sympathetic nerve in the urinary bladder and rectum,) on the one 
hand, and the motor nerves of the respiratory muscles (the facial, 
accessory, and certain spinal nerves,) on the other; while the spinal 
nerves which go to the extremities are excluded from this harmony 
of action. 

There are, however, certain states of irritation of the spinal cord 
and brain, produced by the action of narcotic poisons, or other causes, 
in which every impression on a sensitive nerve is capable of exciting 
the spinal marrow to a discharge of motor influence by all the motor 
nerves, even by those which are least prone to be affected by reflex 
action,—namely, the motor nerves of the extremities. Volkmami 
has, indeed, shown that even dividing the spinal cord longitudinally 
in frogs previously decapitated does not prevent the extension of the 
reflex motions to the muscles of both sides of the body, so long as 
the two halves of the spinal cord remain connected at any point. 
This experiment has been repeated with the same result by Va¬ 
lentin. (Z)e Function. Nervor. Cereb. et Sympath. Bern. 1839, 
p. 99.) 

We have, lastly, to inquire how far true sensation is engaged in 
the production of the reflex motions. Volkmann inclines to the 
opinion of Whytt, that the motions consequent on impressions are 
the result of an appropriate voluntary reaction of the sensorium ex¬ 
cited by sensation.t 

That this is in many instances the case, appears to me to be indu- 

* See his observations on the orig-ins of the cerebral nerves, at page 343 of his 
Outlines of Physiology. Second Edition, 1829. 

f Whytt did not, however, believe volition to be engaged in the production of 
all, at least, of these motions. See pages 153, 162, and 511, of his works. 
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bitable, particularly with those reflex phenomena which occur in an 
unimpaired state of the brain and spinal cord. Thus I regard, for 
example, the closure of the eyes under the stimulus of a strong light, 
and the action of the respiratory muscles induced by irritation of the 
mucous membranes of the respiratory organs, intestinal canal, or 
urinary system. But when we remember that, if we divide the 
trunk of a Salamandra maculata into several portions, each part, if 
it contain a fragment of the spinal cord, will still evidence the reflex 
motions, we can scarcely maintain the applicability of this view to 
all cases. The reflex phenomena are observed also to occur in parts 
withdrawn from the influence of the will, such as the intestinal 
canal and heart. The general spasms, lastly, which are excited by 
stimulus of a sensitive nerve in animals in a state of narcotisation 
do not in the slightest degree resemble the phenomena of spontane¬ 
ous reaction. The view which I take of the matter is the following: 
Irrita*tion of sensitive fibres of a spinal nerve excites primarily a 
centripetal action of the nervous principle, conveying the impression 
to the spinal cord; if this centripetal action can then be continued to 
the sensorium commune, a true sensation is the result; but if, on 
account of division of the spinal cord, it cannot be communicated to 
the sensorium, it still exerts its whole influence upon the spinal cord. 
In both cases, a reflex motor action may be the result. In the former 
case, the centripetal action excites, at the same time, sensation; in 
the latter case it does not, but is still adequate to the production of 
reflex motion, or centrifugal reflection.* 

Dr. Hall’s theory differs from that of Whytt, as well as from my 
own, and is peculiar. In the first place, he limits the phenomena of 
reflex action to the spinal nerves, and denies to the cerebral nerves 
of special sense the power of exciting them. He supposes the reflex 
motor actions to be in no case excited by sensation, nor even by 
means of the sensitive nervous fibres. He maintains the existence 
of special nerves, or nervous fibres, endowed with the “ excito- 
motory” function; and the reflex action he supposes to be conveyed, 

♦ Irrefragable proof that the reflex movements are independent of sensation is 
aiforded by certain phenomena of disease. In cases of paraplegia dependent on 
lesion of the dorsal or cervical portion of the spinal cord, its lumbar portion re¬ 
maining healthy, slight irritation of the surface of the lower extremities, as by 
tickling the sole of the foot, the passage of a catheter, or the evacuation of the 
faeces, will produce convulsive movements of the feet and legs, even though they 
be perfectly devoid of voluntary power and sensation. The first cases of this 
kind adduced in illustration of the theory of reflex movements were observed by 
Mr. Barlow, Dr. Budd, and Mr. Barron (see Dr. Hall’s Memoirs, p. 63; and Mr. 
Grainger’s Observations on the Spinal Cord, p. 93). They are now familiar to 
pathologists. (See an interesting paper by Dr. W. Budd, in the 2‘2nd vol. of the 
Med.-Chir. Transactions.) In cases of hemiplegia the same phenomena occur; 
an instance of which, observed by the translator, was related in the last edition of 
this work, p. 721. Dr. Reid remarks that the sensations which attend some of 
the reflex motions have been added for an ulterior object—that it is necessary both 
for our comfort and well-being, that these movements (such as those by which the 
contents of the bladder and rectum are expelled) should be influenced by volition, 
and that this, of course, could only be accomplished by associating sensation with 
the excitation of the impression.— Translator. 
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not by the nerves of spontaneous motion, but by special fibres, which 
he calls “ reflecto-niotory.” 

(a) The chief facts connected with the present doctrine of reflex 
movements may be summed np in a few sentences. It was well 
known that independently of volition, a number of muscular move¬ 
ments ensued on the excitement of a sensitive surface; as in the 
familiar example of a person who is asleep, turning himself away 
from the light of a window, or throwing up his hands to his face to 
remove anything tickling his nose or eyelids, but without in either 
case awaking. Observations on anencephalous infants and experi¬ 
ments on animals by ablation of the cerebrum, leaving only the 
nerves at the basis of the brain and the medulla oblongata un¬ 
touched, also, proved that a circle could be established without 
the intervention of the sensorium at all, as in the movements of 
the eyelid, consequent upon the exposure of the eye to light, or 
efforts at mastication and deglutition, when food is introduced into 
the mouth. To the same purport are convulsive movements, which 
ensue in decapitated cold-blooded animals, when any part of their 
skin is pinched or even touched. The circle in the first of this class 
of cases was, I should say, by the sensitive nerve to the medulla oblon¬ 
gata, and thence to the motor nerves of the eye, mouth and fauces. In 
the second the circle was obviously the sensitive nerves, the medulla 
spinalis, and the motor nerves to the locomotive muscles. Examples 
of a nature analogous to the last mentioned class, are met with in 
the human subject in hemiplegia, an example of which I have 
myself witnessed in a little patient, in whom the paralysis was the 
consequence of injury of the dorsal vertebrae, who could be made 
often to move his legs by moderate and equable friction of the skin 
of these limbs, exercised with the hand of another person. 

Physiologists were acquainted with these and numerous other 
phenomena of a kindred nature; but it is only within a few years 
past that they have been embodied into a system chiefly by Dr. 
Marshall Hall, who argues, that the movements just described are 
not only executed independently of volition, but also of sensation, 
and that both at the basis of the brain and the spinal marrow, the 
nerve which is the conductor of the impression or the exciter serves 
as a stimulus to the nerve which is distributed to the muscle or the 
motor, and that the two constitute a circle which, when in activity, 
gives rise to reflex movements independently of the fibres of the 
central mass or cord—cerebrum or spinal marrow—and the com¬ 
mon sensitive and motor nerves which are united by its intervention. 
Of course the most that could be said of this view, however it might 
be illustrated by physiological or pathological phenomena, or sus¬ 
tained by plausible analogies, was, that it is a mere hypothesis, the 
phraseology of which represented nothing new, but which if adopted 
might save some paraphrases. Much of the discussion turned for a 
while, and indeed, must still turn on the idea attached to the word 

(a) The three following' paragraphs are introduced by the Editor. 
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sensation. They who believe that sensation must be followed by 
perception or consciousness, will regard all movements consequent 
on impressions on nerves or nervous conductors of which we are not 
conscious as automatic, and to be explained by such an hypothesis 
as that of Dr. Hall, But if we admit that the same nerve which to 
a certain amount of stimulus is directly sensitive, that is, forces the 
brain to be cognisant of its excitement, may with less stimulation be 
a conductor of impression to a common centre—brain or spinal 
marrow—without consciousness, but just exciting the latter enough, 
for it to transmit the impression into the motor nerves, we need not 
any additional hypothesis. 

I will give a familiar example, derived from my own person, in 
illustration, instead of the mere supposition which I have just intro¬ 
duced. Frequently, when reclining on an easy chair, I extend my 
legs on another, which is a little too high, and withal, hard and 
uneven, for perfect ease. Now it sometimes happens that, before 
falling into a state approaching to sleep or a doze, my lower limbs 
undergo a quick and involuntary contraction, or jerk without any 
prior positive sensation in them. It is not the start which some¬ 
times precedes sleep when we are in bed and imagine that we 
are about to fall from some height; but it is the consequence of direct 
excitement of the sensitive nerves of my legs, caused by the uneven 
borders of the chair transmitted to the spinal marrow, which irra¬ 
diates its motility on the nerves distributed to the muscles of these 
parts. That the movements of the legs proceed from impressions on 
them, is plain by the fact that when the latter rest on a pillow, no 
jerks or contractions are ever produced. The question now pre¬ 
sents itself—is the circle in this case, different from the circle acted 
on when I voluntarily withdraw my legs in consequence of a pin 
pricking them, or the skin being tickled with a feather, or any 
other universally admitted sensation? Is the first to be called excito- 
motory action or reflex movement, in which sensation does not 
participate, and the second a movement following sensation? Or, 
although we may choose to use different phraseology, are we justi¬ 
fiable in assuming two different nervous circles to explain these 
phenomena? Are there two sets of afferent nerves, one for sen¬ 
sation, or sensitive, and one for impression, without sensation, or 
excito-motory? And are there two sets efferent or motor nerves, 
one for voluntary movements, and the other for reflex movements— 
the former in relation to and connection with the sensitive nerves, the 
latter in relation to and connection with the reflecto-rnotory? Dr. 
Hall would reply in the affirmative to these questions. 

The posterior roots of the spinal nerves, and nerves of the medulla 
oblongata, according to Dr. Hall, contain sensitive and excito-motory 
fibres; the anterior roots, spontano-motory and reflecto-rnotory fibres; 
the vagus, too, he regards, not as a nerve formed chiefly of sensitive 
fibres, but as an excito-motory nerve; for, in an experiment perform¬ 
ed by himself and Mr. Broughton, its division gave rise to no pain, 
but affected the movements of respiration. Dr. Hall has recently 
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developed-these views more fully. {Memoirs on the Nervous Sys¬ 
tem. London, 1837.) Volkmann disputes their validity, and, among 
other arguments, states as does Dr. Reid {Edinb. Med, and Surg. 
Journ. vol. 49 and 51,) also, that Dr. Hall is incorrect in asserting 
the vagus to be insusceptible of painful sensations. 

The theory of Dr. Hall, that the nervous fibres engaged in the 
production of the reflex or excited movements, are distinct from 
those which reach the centres of sensibility and volition in the brain, 
was not, says Dr. Baly, established by the facts which he himself 
adduced iu its support. It has, however, acquired a great degree of 
probability from the arguments more recently brought to bear on the 
subject by Mr. Grainger and Dr. Carpenter. Mr. Grainger* seeks 
first to prove that grey matter is the source of all power in the ner¬ 
vous system, and that the white fibres are merely conductors; in¬ 
stancing, that the nerves are rendered incapable of performing their 
functions by separation from the central organs; that the power of 
those central organs is always proportionate to the quantity of grey 
matter which they contain; that the abundance of grey matter in 
the brain, for example, bears a direct relation to the development of 
the cerebral faculties, and its abundance in the spinal*cord, to the 
motor powers of the animal; and, lastly, that even in particular 
parts of the cord where large nerves enter and issue, a corresponding 
increased deposit of grey substance is found. He next directs atten¬ 
tion to the roots of the spinal nerves, and shows that while a portion 
of the fibres of each root is derived fiom the white fibrous substance 
of the cord, another portion passes inwards, and is lost in the grey 
matter, as had been stated by Bellingeri and Weber. The latter 
fibres Mr. Grainger regards as the true excito-rnotory and reflecto- 
motory fibres, the former he supposes to be the conductors of sen¬ 
sation and volition ascending to or descending from the brain. These 
views he extends to tlie cerebral nerves, and states, that they also 
may be traced to have origins both from deposits of grey matter 
where the impressions conveyed by incident fibres are communicated 
to reflex motor fibres, and also from the white substance which 
passes up to the hemispheres of the cerebrum and cerebellum. 
Lastly, Mr. Grainger points out the accordance of Dr. Hall’s theory 
with the structure of the nervous system in the lower animals; but 
his views respecting the Invertebrata, though essentially the same 
as those since developed by Dr. Carpenter, were expressed iu so 
cursory a manner that they attracted little notice; and seemed not to 
add great weight to his other arguments. The following are some 
of the most important conclusions deduced by Dr. Carpentert from 
a review of the structure of the nervous system of invertebrate ani¬ 
mals:—the actions performed by the lowest animals have almost 
entirely the character of reflex movements, the manifestations of true 
sensibility and volition which they present being very few. The 

* Observations on the Spinal Cord. London, 1837. Chap. II. and III. et 
passim. 

t Inaugural Dissertation on the Nervous System of the Invertebrata. Edin. 
1837. 



DEPENDENT ON SPECIAL NERVOUS FIBRES. 


559 


earliest form of nervous system met with in these animals consists 
of ganglia with nerves which convey to them the impressions made 
by external agents, and others which conduct the reflex motor in¬ 
fluence; the principal sets of organs with which such ganglia are 
connected being those which minister to the functions of the ingestion 
of food, respiration, and locomotion. In proportion, however, as 
the development of organs of sense and the character of the move¬ 
ments prove the participation of the faculties of true sensation and 
volition in the acts of the animal, particularly in* those by which food 
is acquired, certain ganglia, connected with the organs of sense, and, 
like them, always seated near the mouth, acquire a larger size, and 
an evident predominance over the rest. Yet, even where this is the 
case, as in the higher Molltisca and Articulata, the organs by which 
the food is introduced into the stomach, the organs of respiration 
and those of locomotion, still remain under the immediate influence 
of special ganglionic reflecting centres, while distinct fibres descend 
from the cephalic ganglia and unite with nerves issuing from these 
local nervous centres, for the purpose of conveying to the different 
organs the influence of the will, and of receiving the impressions 
destined to produce sensations. 

It has been long recognised that the spinal cord of the higher ani¬ 
mals might be regarded as containing a succession of independent 
reflecting centres; but the reflecting action of the centres or segments 
of the cord seemed explicable without admitting Dr. Hall’s theory 
of the existence of special incident and reflex fibres. Even when 
Mr. Grainger pointed out the accordance of that theory with the 
mode of origin of the spinal nerves, it still appeared possible that 
the fibres which entered the grey substance of the cord might, 
through the medium of it, act on each other, and nevertheless be 
afterwards continued upwards to the brain. Now, however, since 
the existence of two distinct classes of fibres, those for sensation and 
volition, and the fibres which are engaged in the production of the 
reflex movements, seems to be demonstrated in the invertebrate 
classes, and Dr. Hall’s theory, therefore, to be correct with regard 
to them, there appears to be no reason for the adoption of a different 
explanation of the same phenomena in the Vertebrata, where the 
function and intimate structure of the nervous system are in all other 
essential points the same. No positive argument of any weight was 
ever urged against Dr. Hall’s theory. An additional one in its favour 
may, perhaps, be found in the circumstance of the size of the ence¬ 
phalon in many fishes being apparently inadequate for the reception 
of all the fibres of the various nerves of the body, notwithstanding 
that their diameter is confessedly diminished when they enter the 
central organs. 

Volkmann points out a fact which we have ourselves often ob¬ 
served, namely, the great difference between the nerves themselves, 
and their peripheral terminations, in the power of exciting reflex 
motions. No part equals the skin in the property of exciting reflex 
motions; the slightest touch applied to the surface, in animals in a 
state of narcotization, is frequently sufficient to give rise to strong 
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spasms, while the reflex actions excited by irritation of the nerves 
themselves are much slighter.* 


CHAPTER IV. 

OF THE DIFFERENT ACTION OF THE SENSITIVE AND MOTOR NERVES. 

Experience has taught us that, when a nerve is irritated at any 
point, the reaction of the nervous fibres is manifested through their 
whole length; in a motor nerve exciting the contraction of muscles 
with which they are connected,and in a sensitive nerve, whose con¬ 
nection with the central organs of the nervous system is not inter¬ 
rupted, sensation. To explain this, it might be supposed that the 
effect of the irritation is propagated equally in both directions,— 
towards the peripheral extremity of the nerves, and towards its 
cerebral extremity: but it is equally conceivable that the irritation 
may be propagated in one direction only, namely,—in the fibres 
which excite motion, towards the muscles; in those which excite 
sensation, towards the brain. The latter was the view usually 
adopted before it was known that there were distinct motor and 
sensitive fibres. The question as to which supposition is correct, 
still presents itself; and its solution is of extreme importance in re¬ 
ference to the physiology of the nerves. Is the nervous principle 
or force of the motor fibres different in its quality from that of 
the sensitive fibres? or are what are here called the motor and 
sensitive principles, actions of the same nervous principle, differing 
only in direction,—being centrifugal in the motor, and centripetal 
in the sensitive fibres? 

The fact that the nerves of the different senses, when affected by 
the same stimulus, become each the seat of its peculiar sensation,— 
the mechanical or galvanic stimulus exciting in the optic nerve the 
sensation of light, in the auditory nerve that of sound, and in the 
nerves of touch that of pain,—cannot be adduced in favour of either 
hypothesis; for it is explicable not only on the supposition that the 
forces of the different nerves are different, but also on that of the 
centripetal actions of the same forces being transmitted to different 
and differently endowed parts of the brain. It is remarkable, how¬ 
ever, that many stimuli act only on particular nerves. I'hus, light 
affects only the optic nerves; and, as a warming agent, the nerves of 
touch, but no other nerves; and the olfactory nerve would appear to 
become the seat of smell, under the influence of no other stimuli than 
odoriferous substances and electricity. 

However this may be, it is certainly not satisfactorily proved that 
the sensitive fibres are capable only of centripetal action, and the 
motor fibres only of centrifugal. There is one circumstance, in par- 

♦ This fact was noticed by Dr. Whytt, and was adduced by him as an argument 
for the dependence of the sympathetic actions on peculiar sensations. 
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ticular, which excites still greater attention in reference to this sub¬ 
ject. It is the fact noticed at page 512 , that for the preservation of 
the excitability of the motor nerves their communication with the 
central organs of the nervous system is necessary: this is in appear¬ 
ance in favour of all nerves, including the sensitive nerves, being 
equally dependent on the brain and spinal cord; in which case, how¬ 
ever, there would be centrifugal emanations from the latter organs 
through the sensitive nerves. Future experiments founded on well 
conceived ideas or new discoveries must decide the question; and 
we can, at present, only congratulate ourselves that the investigation 
of this important problem, on the decision of which so many others 
depend, has by the observations above detailed been at least intro¬ 
duced into the province of experimental physiology. 

If this first question cannot be decided, still less can it be proved 
that the centripetal and centrifugal conductors form a continuous 
circle in which a constant current of the nervous fluid is kept up from 
the central organs through the motor nerves, and from the peripheral 
extremities of these through the sensitive nerves back to the central 
organs. It might be imagined that life is constantly attended with a 
circulation of the nervous fluid, which would be capable of being 
reduced only to such a low degree of activity as would give rise, on 
the one hand, to the imperceptible constant play of the muscular 
fibres in the state of apparent rest,—the antagonistic action of the 
different muscles; and, on the other, to the indistinct feeling by which 
a healthy person is made conscious of the existence of the different 
parts of his body. This hypothesis of the circulation of the nervous 
fluid, or of the propagation of its vibrations in a circle through the 
two kinds of nervous conductors, is, however, for several reasons 
very improbable; for, since many nerves are sensitive only, these 
must either not be the seat of a circulation, or we must suppose again 
that with their sensitive fibres they contain an equal number of fibres 
of centrifugal action, which do not give rise to motions, only; because 
they do not terminate in muscles. If, indeed, we regard those motor 
and sensitive nerves which communicate by anastomoses of their 
fasciculi, as in the instance of the facial and infra-orbital nerves, still 
less can we find in them the means for a circulation of the nervous 
fluid; for, in the first place, these anastomoses are not real com¬ 
munications of the primitive fibres; and secondly, an irritation 
excited in the facial nerve is proved by the experiments of Gae- 
dechens, not to be communicated through these anastomoses to the 
trunk of the infra-orbital nerve so as to excite pain. All these con¬ 
siderations teach us that the existence of a regular circulation of the 
nervous fluid from the brain and spinal cord through the nerves 
back to the central organs, not only cannot be demonstrated, but in 
the present state of our knowledge appears very improbable. 
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CHAPTER V. 

OP THE LAWS OF ACTION OF THE SYMPATHETIC NERVE, AND THE 
PROPAGATION OP IMPRESSIONS IN IT. 

Our knowledge of the mechanical laws according to which the 
sympathetic nerve acts, is still extremely incomplete: in this depart¬ 
ment of physiology little more has been done than to propose certain 
hypotheses, none of which can be either proved or decisively refuted. 
The only way in which we can arrive at accurate knowledge on the 
subject, is to compare with the phenomena presented by the sympa¬ 
thetic nerve, the facts which are ascertained with regard to the action 
of the cerebro-spinal nerves, and to investigate by new observations 
how far the mode of action of the sympathetic differs from that of 
other nerves. We have to inquire, therefore, whether the fibres of 
the sympathetic are, like those of the cerebro-spinal nerves, insulated 
in their action, or whether they can impart their influence to each 
other; whether the radiation of the motor influence, and the coinci¬ 
dence or confusion of diff’erent impressions, is not the normal mode 
of action in this nerve; whether the ganglia are multiplicators of the 
nervous influence, and as it were small independent nervous centres 
or points of radiation; whether there is not in these ganglia a reflec¬ 
tion of the nervous influence in certain directions; whether the 
ganglia are the cause of the indistinct and vague character of the 
sensations in the sympathetic; whether they are organs on which 
the radiation or confusion of sensations depend, or imperfect conduc¬ 
tors which impede the transmission of impressions to the brain and 
spinal cord, and of the influence of the will to the parts supplied by 
their branches; or whether they are not rather the central parts from 
which the organic influence of the sympathetic nerve emanates for 
the regulation of the organic chemical processes; lastly, whether im¬ 
pressions are propagated from an irritated point of this nerve in the 
centripetal or the centrifugal direction, or in all directions. It is to 
be lamented that none of these questions admit at present of a deci¬ 
sive answer. Of the few facts that we know with certainty respect¬ 
ing the action of the sympathetic nerve, part only have relation to 
them; and of the hypotheses respecting the uses of the ganglia espe¬ 
cially, not one can be definitely proved or refuted. 

The sources whence the motor and sensitive fibres of the sympa¬ 
thetic nerve are derived have recently been investigated by M. Va¬ 
lentin. From experiments performed on nearly three hundred animals 
immediately after death, and consisting in irritating different nerves 
either by mere division, by compression, or by chemical agents, he 
has obtained the following results respecting the roots in which the 
motor fibres of different internal organs issue from the spinal cord 
and the nerves in which they pursue their further course. 
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Organs. 


Roots from which their motor 
fibres arc derived. 


Nerves in which they are 
distributed. 


1. Heart. 


2. The pharynx 
and superior part 
of the oesophagus. 


3. Inferior cer- 
vical part of the 
oesophagus. 


The roots of the nervus ac¬ 
cessorius and of the first three 
(or four) cervical nerves. 


The roots of the nervus ac¬ 
cessorius (of the hypoglossal 
nerve?) and of the two or 
three superior cervical nerves. 


The roots of the nervus ac¬ 
cessorius (the hypoglossal ?) 
and of the middle cervical 
nerves. 


The nervus accessorius before it 
has joined the vagus; the cervical 
portion of the vagus, particularly at 
its superior and middle parts. The 
inferior cervical part of the sympa¬ 
thetic, and the inferior cervical gan- 
glion. The first thoracic ganglion of 
the sympathetic, the cardiac nerves, 
and the cardiac plexus. 

The pharyngeal branches of the 
vagus. The pharyngeal plexus. The 
communicating branches from the 
hypoglossal nerve to the pharyngeal 
branch of the vagus and to the 
pharyngeal plexus; (the communi. 
eating branch of the first cervical 
nerve to the pharyngeal plexus?) 
The branches from the superior 
cervical ganglion to the pharyngeal 
plexus. 

The cervical part of the sympathe¬ 
tic nerve (in the rabbit) or it con¬ 
joined with the vagus (in the horse 
and dog). The contiguous branches 
of the cervical nerves. 


4. The thoracic 
part of the oeso¬ 
phagus. 


5. The stomach. 


6. The intes¬ 
tines. 


7. The ureter. 

8. The urinary 
bladder. 

9. The Vas de¬ 
ferens. 

10. The uterus 
and Fallopian 
tubes. 


The roots of the fourth and 
fifth (third or sixth) cervical 
nerves. 


The roots of the fourth, 
fifth, sixth, and seventh cervi¬ 
cal nerves (and in the sheep 
of those of the two superior 
thoracic nerves). 

The roots of the third cere¬ 
bral nerve, of the nervus ac¬ 
cessorius (in the cat), and of 
all the dorsal and lumbar spi¬ 
nal nerves. 

The lumbar spinal nerves. 

The middle and inferior 
lumbar nerves. 


The roots of the middle and 
lower lumbar nerves. 


The inferior cervical ganglion of 
the sympathetic. The first, second, 
third, and lovver thoracic ganglion. 
The thoracic plexus. (The cervical 
portion of the vagus?) 

The cervical portion of the vagus. 
The thoracic and abdominal parts of 
that nerve. (The great splanchnic 
nerve?) 

The thoracic and abdominal por¬ 
tions of the sympathetic. The greater 
and less splanchnic nerves. The coe- 
liac and the superior and inferior me¬ 
senteric plexuses. ^ 

The middle and inferior lumbar 
portions of the sympathetic. 

The most inferior abdominal and 
the superior sacral portions of the 
sympathetic. 

The inferior pair of lumbar gan¬ 
glia, and the first sacral ganglion of 
the sympathetic. 

The inferior abdominal portion, 
and the superior sacral portion of the 
sympathetic. 


With respect to the sources of the sensitive fibres of the sympa¬ 
thetic, Valentin was not able to ascertain any very new facts. He 
satisfied bimself, however, by experiment, that the sensitive, like the 
motor fibres, descend some distance in the trunk of the sympathetic 
before being distributed to the different organs. He found that when 
the communicating branch connecting one of the lateral ganglia with 
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the corresponding spinal nerve was divided, the ganglion and the 
peripheral branches which issued from it were still sensible (pain 
could be produced by irritating them), provided the cord connecting 
the ganglion with the one above was perfect. {Valentin. De Func- 
tionibus Nervorum. Bern. 1839, p. 61-71.) 

a. Of the actions of the sympathetic nerve in involuntary motions. 

I. Ml the parts subject to the influence of the sympathetic nerve are 
incapable of voluntary motion. —The heart, the intestinal canal, the 
efferent ducts of glands, the uterus, and the vesiculje seminales, 
afford proofs of this statement. It appears, indeed, on the first 
view, that a cerebro-spinal nerve, when it has numerous communi¬ 
cations with the sympathetic, loses its voluntary power; as an 
instance of this, the lower part of the vagus might be adduced. 
The motions of the oesophagus are involuntary, although those of 
the pharynx are subject to the will. It is doubtful, however, 
whether the motor nerves of the msophagus be derived from the 
vagus itself. The urinary bladder receives nerves of two kinds,— 
branches from the sacral plexus, and others from the hypogastric 
plexus of the sympathetic. This agrees with its observed functions. 
The influence of the will over the bladder is very slight. 

On the other hand, all muscles which receive nerves from the 
cerebro-spinal system only are capable of voluntary motion. The 
small muscles of the ear, in some individuals at least, as in myself, 
can be moved voluntarily. The cremaster, a prolongation of the 
obliquus internus and Iransversus abdominis muscles, can likewise 
be made to act voluntarily in some persons, although very many 
persons have no power over it. 

The supposition that the admixture of fibres of the sympathetic 
may remove cerebro-spinal nerves from the influence of the will, 
seems opposed to one of the fundamental principles of physiology, 
that of the insulated course and action of the nervous fibres in the 
peripheral part of the nervous system. The more probable cause of 
the involuntary action of parts supplied by cerebro-spinal nerves (as 
the vagus), is, that the motor fibres of such nerves do not reach the 
centre of volition in the brain, but are excited to action by a reflex 
influence in the spinal cord. The movements of the pharynx, as 
well as those of the oesophagus, are involuntary and reflex in their 
nature. 

II. The parts which are supplied with motor power by the sympathetic 
nerve still continue to move, though more feebly than before, when they 
are separated from, their natural connections with the rest of the sympa¬ 
thetic system, and wholly removed from the body. —Thus the heart, 
after it is taken from the body, continues to beat for a considerable 
time,—in reptiles and Amphibia for hours; and the peristaltic motions 
of the intestines continue under the same circumstances. The sepa¬ 
rated oviduct of a turtle has been seen to contract and expel its 
contents. 

III. Hence all the parts endowed with motion, and supplied with nerves 
from the sympathetic, are, in a certain degree, independent of the brain 
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and spinal cord. —The extent to which this is the case has been investi¬ 
gated at page 202. We may mention here as a principal result, 
that not merely the heart continues to beat feebly for a long period 
after the destruction of the brain and spinal cord, but that there are 
well confirmed accounts of embryos in which the brain as well as 
the spinal cord have been slowly destroyed by disease during the life 
of the foetus.* 

IV. The central organs of the nervous system can, however, exert an 
active influence on the sympathetic nerves and their motor power. —It 
results from the experiments of Dr. Wilson Philip and others, de¬ 
tailed at page 205, that the motions of the parts supplied with 
nervous influence by the sympathetic, do not immediately cease on 
the sudden destruction of the brain and spinal cord; but that, never¬ 
theless, the character and rapidity of the heart’s beat may be in¬ 
fluenced by inflicting injury or irritation on the brain and spinal 
cord previously in an unimpaired state: thus, Dr. Philip states, that, 
by dropping*alcohol and infusion of tobacco upon the brain of ani¬ 
mals, he has caused acceleration of the motion of the heart. The 
influence of the passions is much more evident. 

V. The experiments of Dr. Philip tend to show, also, that distinct 
parts of the sympathetic, and the movements dependent on them (those of 
the heart, for example), do not derive their nervous influence exclusively 
from distinct regions of the brain and spinal cord; hut, on the contrary, 
that the brain and the whole spinal cord, or every part of it, can exert an 
influence on the motions of the heart. —Valentin (De Function. Nervor. 
p. 66,) has collected the observations of various authors on the in¬ 
fluence of the central organs of the nervous system on the move¬ 
ments of the different internal viscera, and from a comparison of 
them with his own experiments on the origin and course of the 
motor fibres of those viscera, has deduced the conclusion, that the 
cerebellum, medulla oblongata, and cervical portion of the medulla 
spinalis, have a special relation to the motions of the heart, and also 
to those of the pharynx, stomach and oesophagus; that the middle 
and inferior dorsal, and the lumbar portions of the cord, have the 
same relation to the motions of the large intestines; and the lumbar 
part of the cord to those of the bladder. A German physician. Dr. 
Budge, has recently (in Muller’s Archiv. for 1839, p. 389,) asserted 
that the centre of motor influence for the intestinal canal lies in the 
corpora quadrigemina and corpora striata. By irritating those parts 
of the brain in a dog, he was able to give rise to increased activity of 
the peristaltic movements. 

Having divided the splanchnic nerve in a rabbit, I laid the end of 
the distal portion on an insulating plate of glass, and galvanised it by 
means of a battery of sixty-five pairs of plates. Increased peristaltic 
movements of the intestines ensued, whence it might be inferred that 
this nerve exerts an influence on the whole intestinal canal, and not 
on one distinct portion of it. The result was the same from the ap¬ 
plication of caustic potash to the coeliac ganglion in a rabbit, in which 

♦ See page 204; and Eschricht, iiber Gesichts-verdoppelung mit Mangel voa 
Gehirn and Riickenmark. Muller’s Archiv. 1834, p. 268. 
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the intestines were laid bare, and in which the increased peristaltic 
movements excited by the first exposure to the air had again sub¬ 
sided and become very feeble; the movements were, on the applica¬ 
tion of the potash, immediately rendered very lively. 

VI. The movements excited in organs which are under the influence of 
the sympathetic nerve, by irritation applied to them or to their nerves, are 
not transitory and momentary contractions; they are either enduring con¬ 
tractions, or they consist of a long-continued modification of the ordinary 
rhythmic action of the organ: hence, in these organs, the reaction conse¬ 
quent on the irritation is decidedly of longer duration than the action of 
the stimulus .—The motion of the nervous principle in the sympa¬ 
thetic nerve then is slow, and its rate capable of being measured. 
The abdomen of an animal being laid open, if the intestine be irri¬ 
tated at any point either by a chemical or mechanical stimulus, or by 
galvanism, contraction of the intestine ensues very gradually, and 
frequently attains its greatest degree when the exciting cause has 
long ceased to act. The same takes place in the heart .in a different 
manner: instead of a persistent, not periodic contraction, the momen¬ 
tary application of a stimulus to the heart excites a continued series 
of periodic beats. 

VII. The immediate cause of the involuntary motions, and the cause of 
their type, lies neither in the brain nor in the spinal cord, but in the sym¬ 
pathetic nerve itself; even the influence of the ganglia is not necessary; 
the branches of the sympathetic going to an organ may be entirely re¬ 
moved, the twigs distributed to the substance of the organ only being left, 
and the motions will be maintained as before, the reciprocal action between 
the muscular fibres and these ultimate nervous twigs being apparently 
adequate to their production .—It is a well-known fact, that the heart 
removed from the body of an animal, and emptied of blood, continues 
to contract rhythmically in the frog for several hours; which alone 
proves that the cause of the rhythm of its contractions cannot be the 
alternate influx and expulsion of the blood, but must reside in the 
organ itself. 

VIII. Although from the foregoing observations it is certain that the 
extreme minute branches of the sympathetic have still the power of regu¬ 
lating the movements of the parts not subject to the will, yet it is not less 
true that both the brain and spinal cord, and the ganglia themselves, when 
in a state of irritation, exert an influence on these movements as long as 
the contractile organs are connected with them through the medium of the 
nerves. The brain and spinal cord are, however, also to be regarded as 
the source of the power of the sympathetic itself, which would without 
them become exhausted. —We know that every passion of the mind 
affects the heart’s action, and the motions of the intestines are modi¬ 
fied by irritation of the spinal cord. In paralytic affections of the 
spinal cord, again, the movements of the intestines become sluggish. 
Irritation of the ganglia themselves likewise affects all the nerves 
which issue from them to be distributed to parts endowed with in¬ 
voluntary motion. 

IX. It results from the facts already stated that the sympathetic nerve 
is charged as it were with nervous poiver by the brain and spinal cord, 
which may be regarded as the sources of nervous influence; but that. 
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when once charged, it continues to emit this influence in the manner pecu¬ 
liar to itself, even when the further supply is for a time diminished. This 
affords an explanation of a part of the phenomena of sleep. 

X. The influence of narcotics locally applied to the sympathetic nerve 
does not extend to the distant organs which the nerve supplies; hut these 
organs may be paralysed by the direct narcotisation of the minute nervous 
fibrils which are distributed in them .—In this respect the sympathetic 
resembles the cerebro-spinal nerves, which are deprived of their ex¬ 
citability by a narcotic substance only in the part where it has actu¬ 
ally touched thetn. But with reference to the action of narcotics on 
the organs under the influence of the sympathetic, there is observed 
in the case of the heart a remarkable, and at present inexplicable 
difference between the external and internal surface of the organ. If 
a narcotic, such as ptire opium, or extract of nux vomica, is applied 
to the external surface of the heart, it produces little or no effect, or, 
at all events, a very slow one; the rhythmic motions of the heart of 
the frog, removed from the body and thus treated, continue for a 
very long time; but if a small quantity of opium or extract of nux 
vomica be brought into contact with the inner wall of the ventricle, 
its movements are permanently arrested, frequently in a few seconds 
after the application of the poison. Of this fact, first observed by Dr. 
Henry, {Edinh. Med. and Surg. Journ. 1832,) I have satisfied my¬ 
self by repeated experiments on frogs. It is another proof that the 
motor power of the muscles is dependent on a reciprocal action 
between them and the nerves, and not a property of the muscular 
substance alone. 

XI. The laws of reflection stated in the third chapter of this section pre¬ 

vail likewise in the actions of the sympathetic nerve; strong impressions 
on parts supplied by the sympathetic nerve may be propagated to the 
spinal cord, and give rise to motions of parts which derive their nerves 
from the cerebro-spinal system. * 

XII. Impressions on parts of which the nerves are derived from the 
sympathetic are communicated to the spinal cord and brain, and excite the 
motor influence of the sympathetic nerve by reflection, although the reflex 
action is here less marked than in the case of the cerebro-spinal nerves .— 
We have an instance of this in the frequent necessity to pass the 
urine, or, in other words, the more active contractions of the bladder 
when the urine is of an irritating quality; for in this case the irritant 
does not act immediately on the muscular coat of the bladder, but 
upon the sensitive nerves of the mucous membrane. 

XIII. Reflected action of the sympathetic, from an impression commu¬ 
nicated to the spinal cord by cerebro-spincd nerves, is a more frequent 
occurrence .—As instances of this we may mention the effects on the 
heart’s action of strong pleasurable or painful sensations of the skin; 
the movement of the iris from impressions on the optic, auditory, and 
fifth nerves; and the contraction of the seminal vesicles from irritation 
of the sensitive nerves of the penis. 

XIV. Can reflex phenomena be produced in the sympathetic nerve 
through the influence of the ganglia, and independently of the brain and 
spinal cord ?—This interesting question cannot at present be decided. 

XV. We are at present entirely ignorant as to whether irritation in 
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one organ can, through the medium of the sympathetic nerve, give rise 
to movements in another; since all the sympathetic phenomena of this 
kind can be explained on the principle of reflection from the brain 
and spinal cord. 

XVI. It is not proved, {and several facts have been observed which are 
opposed to the belief,) that the ganglia can exert an insulating action so 
as to impede the transmission of motor influence from the brain and 
spinal cord. —It is not voluntary influence, but motor influence gene¬ 
rally, which is here referred to. Every one is aware how readil)^ 
and quickly an impression on the brain and spinal cord influences the 
whole sympathetic system; how quickly a mental emotion alters the 
heart’s action, and gives rise to movements of the intestines, together 
with borborygmi; how a hysterical fit, in which the central organs 
of the nervous system are affected, terminates with a rumbling of 
air in the intestines. 

XVII. It is not certain that the ganglia are the cause of the parts sup¬ 
plied by the sympathetic nerve being withdrawn from the influence of the 
will. 

XVIII. In certain organs, which are subject to the influence of the 
sympathetic and of the spinal nerves at the same time, a voluntary 
influence seems to be exerted only after the long continuance of a centri¬ 
petal or sensitive impression. —The urinary bladder presents this phe¬ 
nomenon. The relation in which this organ stands to the brain and 
spinal cord is very enigmatical. It receives nerves entirely of the 
sympathetic nature from the hypogastric plexus; and also nerves 
not of this system, namely, branches from the sacral nerves. It ap¬ 
pears to be, under ordinary circumstances, wholly withdrawn from 
the influence of the will; and nevertheless, when distended, we are 
able merely by a voluntary effort, and without any aid from the 
diaphragm and abdominal muscles, to expel the urine. E. H. Weber 
{Hildebrandfs J2nato7nie,*X. \\\. y>. 354,) likewise admits that the 
bladder is in some degree subject to the influence of the will. 

XIX. Many parts which are supplied by the sympathetic nerve are 
indeed capable of involuntary motion only, but become associated with 
the motions of parts subject to volition, a part of the voluntary motor 
influence being communicated involuntarily to them, just as in the asso¬ 
ciate motions of voluntary muscles.—The. heart itself appears to have 
motor influence imparted to it in this way during strong muscular 
efforts of the body. 

The remarkable phenomenon of the acceleration of the heart’s 
action in voluntary muscular exertions has never been satisfactorily 
explained. It has been said that, under these circumstances, a 
larger quantity of arterial blood is required, and that on this account 
the heart must propel the blood more quickly through the lungs; 
but it does not follow that, because there is greater need of aeration 
of the blood, the motion of the heart should be modified in ac¬ 
cordance with this end. The phenomenon has been accounted for, 
again, on the supposition that the passage of the blood through the 
heart and lungs is disturbed in consequence of the obstruction to 
the general circulation caused by the contractions of so many mus¬ 
cles; the acceleration of the heart’s action takes place, however, 
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when the lower extremities merely are used, as in ascending moun¬ 
tains, running, &c. Now, we cannot perceive how in the latter case 
the passage of the blood through the lungs and heart can be ob¬ 
structed; for, though by the constant contractions of the muscles of 
the lower extremities the circulation is impeded in them, the blood 
which is not able to pass through the capillaries of these limbs will 
not reach the heart, and hence cannot accumulate there. The effect 
can be no more than that of the application of a tourniquet to both 
thighs by which the circulation in the lower extremities is impeded, 
but by which nevertheless no acceleration of the heart’s action is 
induced. It is possible, therefore, that this phenomenon, which is 
so remarkable in persons in a state of nervous debility, may be an 
associate action dependent on the communication of the nervous 
principle from the highly excited spinal cord to the sympathetic 
nerves. Since, however, this explanation cannot be regarded as 
strictly proved, and is merely supported by analogy with certain 
facts, it must at present be received merely as a suggestion for further 
inquiry. 

XX. The motions of organs which derive their nerves from the sym¬ 
pathetic system, have a peristaltic type. The motions are progressive in 
a certain direction, and the course which they take is dependent not 
merely on the brain and spinal cord, but likewise on the nerves of the 
organs themselves. —The cause of the peristaltic type is wholly un¬ 
known. The contractions of the intestinal canal, succeeding each 
other like waves from above downwards, a second commencing 
before the first wave has traversed the whole intestine, are well 
known. This phenomenon is not confined to the intestine; the 
ductus choledochus also presents vermicular successive contractions, 
and even in the heart the motions are evidently of the same cha¬ 
racter. 

The explanation of the regular succession of the motions in these 
organs is one of the most difficult problems in physiology, and has 
not hitherto been made the subject of any consideration. 

b. Of the sensitive functions of the sympathetic nerve. 

I. The sensations in parts, the nerves of which belong to the sympur 
thetic system, are faint, indistinct, and undefined; distinct and defined 
sensations being excited in them only by violent causes of irritation.-^ 
The faint and undefined character of the sensations may perhaps 
arise from the small number of sensitive fibres distributed to the parts 
supplied by the sympathetic nerve. 

II. The sensitive impressions received by the sympathetic nerve, al¬ 
though conveyed to the spinal cord, may not be perceived by the senso- 
rium, the organ of consciousness. 

III. The impressions which give rise to reflex motions, when conveyed 
to the spinal eord by the sympathetic nerve, are, in most instances, not 
productive of sensations; while those impressions which are received by 
cerebrospinal nerves always give rise to sensations. —This is true at 
least of the majority of cases. Irritation in the stomach, intestine, 
kidneys, uterus, or liver, which excites vomiting, does not affect the 
sensorium so as to produce real sensation. In all cases of reflex 

48* 
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actions, on the contrary, which are excited through the medium of 
cerebro-spinal sensitive nerves, the exciting impression gives rise to 
a distinct sensation. Irritation of the mucous membrane of the 
larynx, trachea, or lungs, gives rise to a reflected action of the spinal 
nerves, so as to produce coughing; but a distinct sensation is induced 
by the irritation. The tickling of the fauces, which excites vomit¬ 
ing, is at the same time productive of a distinct sensation. Distinct 
sensation attends likewise the irritation of the nostrils, which induces 
sneezing, and the action of light on the retina, which causes the con¬ 
traction of the iris, or which, in other cases, causes sneezing.* 

IV. The ganglia of the sympathetic nerve do not prevent the trans¬ 
mission of centripetal actions in that nerve to the spinal cord; they have 
not an insulating power over its centripetal currents. —This must be in¬ 
ferred from the facts stated in the foregoing paragraphs; for since 
the irritation of the sympathetic nerve, which excites vomiting, al¬ 
though it does not give rise to true sensation, is propagated to the 
spinal cord, the ganglia cannot exert an insulating power over those 
centripetal actions. That such is the case, however, is proved by a 
direct experiment, which has been frequently mentioned, that of 
irritating the splanchnic nerve with a needle in a rabbit, the abdo¬ 
minal parietes of which have been completely divided, when, in 
many instances, a contraction of the abdominal muscles ensues at 
the moment of each application of the needle. The ganglia of the 
main cord of the sympathetic, from which the splanchnic nerve 
arises, cannot, therefore, have the power of arresting the transmis¬ 
sion of impressions from the sympathetic nerve to the spinal cord: 
and the experiments of Volkmann on decapitated frogs prove the 
same fact with reference to the ganglia of the abdomen; for, by 
irritating the intestinal canal and other organs supplied by the sym¬ 
pathetic nerve, he gave rise to very extensive reflex movements of 
the trunk. 

V. The ganglia are likewise not the cause of the impressions on the 
sympathetic nerve being unattended with true sensation. —This also re¬ 
sults from facts already detailed. 

VI. In many cases, irritation of a violent nature in organs supplied 
hy the sympathetic nerve, gives rise to sensations in those parts; in other 
cases, the irritation being less violent, the sensations in the parts affected 
are indistinct, while distinct sensations are present in other parts supplied 
with cerebro-spinal nerves. —We have examples of cases of the first 
kind in inflammations of the intestinal canal and liver; of those of 
the second kind, in the troublesome itching which is observed to 
affect the nose and anus in affections of the intestinal canal,—for 
example, when they are infested by worms; and at the glans penis 
in chronic diseases of the kidneys and bladder; while frequently no 
distinct sensations are perceived at the actual seat of irritation. The 
pains which are sometimes felt in the upper extremities in diseases 
of the heart, and in the shoulder in diseases of the liver, are also 

* The movements of the oesophagus in deglutition would appear, from Dr. 
Reid’s experiments, to be owing to a reflex action, excited through the medium of 
a cerebro-spinal nerve, though unattended with sensation. 
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cases of the latter kind. They are instances of the radiation of 
sensations wholly analogous to the phenomena described as the 
results of the radiation of sensations in cerebro-spinal nerves. 

VII. The, secondary sensations in cerebrospinal nerves, consequent on 
irritation of branches of the sympathetic, occur especially at the extreme 
parts of the organs affected. —Thus we have itching of the nose from 
the irritation of worms in the intestinal canal, itching of the anus 
from irritation of worms in the large intestine, itching and pain in 
the glans penis from disease of the kidneys and urinary passages. 

VIII. That the ganglia exert a reflex action in the production of the 
sympathetic sensations is not proved, and many facts are opposed to the 
idea of their having such a function. —The secondary sensations in 
cerebro-spinal nerves have been commonly attributed to connections 
of the sympathetic with those nerves; and great influence has been 
ascribed to the ganglia of the sensitive roots of the spinal nerves, 
through which the primitive fibres of the roots of the sympathetic as 
well as those of the cerebro-spinal nerves pass. But from various 
observations it may be gathered that the theory of the reflected 
sensations excited by impressions on the sympathetic is still very 
obscure, and that, at all events, the mode of accounting for them 
is a subject of doubt. 

c. Of the organic functions of the sympathetic nerve. 

We are most unacquainted with the laws of the organic actions of 
the sympathetic nerve; for we have but just learnt that there are in 
all nerves, even in the cerebro-spinal, peculiar grey fasciculi, or or¬ 
ganic fibres, on which depend the organic actions of the nerves in 
secretion and in nutrition. We have now to inquire whether in 
these nerves the motion or oscillation of the nervous principle can 
be propagated only in the centrifugal direction from the trunks 
and ganglia to the branches, or in the contrary direction also; or 
whether the action of the nervous principle in them can be exerted 
in all directions, a particular fibre of these nerves being capable 
both of transmitting a vivifying influence to a gland, and of exer¬ 
cising a reflex action so as to communicate the irritation in one 
gland to other organic nerves. It would be desirable also to know 
whether the organic nerves are, by virtue of their anastomoses, 
enabled to re-act on each other in such a manner that increased se¬ 
cretion from a whole surface may be excited by irritating one point, 
or whether all such reflex actions are effected through the medium 
of the spinal cord. The facts known relative to this subject admit of 
two explanations, and it cannot be determined with certainty which 
is the correct one. There are certain cases, however, in which either 
one or the other theory is more probable. 

I. When, in consequence of impressions on sensitive nerves, se¬ 
cretions take place in distant parts, the brain and spinal cord are 
probably the medium of communication. —The cases of sympathetic 
affections of organic nerves here alluded to are very frequent. Im¬ 
pressions on internal mucous membranes—for example by drinks— 
frequently give rise immediately to a general sweat. Violent im- 
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pressions on sensitive nerves are sometimes followed by syncope, 
and with it a cold sweat. The latter phenomena are evidently the 
result of an influence reflected by the spinal cord, since the symptoms 
in syncope sometimes affect an extent of the system so great as to be 
explicable only in that way. In some other cases of this kind it is 
more doubtful whether the phenomena may be explained in the 
same manner. Irritation of the conjunctiva of the eye and eyelids, 
attended with sensations, gives rise to a flow of tears; stimuli applied 
directly to the mucous membrane of the nose, or volatile stimulants 
affecting the same mucous membrane, when taken into the mouth, 
both producing violent sensations in the nose, likewise give rise to 
an effusion of tears. Mustard and horseradish have this effect 
sometimes, even when taken into the mouth. Since the secretion of 
tears, like other secretions, is determined probably by fibres of the 
sympathetic nerv'e, the most simple explanation would be that which 
supposes the irritation to be conveyed from the nose backwards to 
the spheno-palatine ganglion, and, by means of the connection of all 
the organic nerves with each other, to be reflected in some way or 
other through the medium of organic fibres upon the lachrymal 
gland. But whether such a reflex action from sensitive nerves di¬ 
rectly upon organic nerves, without the intervention of the brain and 
spinal cord, can occur, is a questionable point; and I know no other 
argument in favour of its possibility than the impossibility of proving 
that it cannot occur. 

II. There p?'evails a consent of action hetiveen the different parts 
of a secret ing membrane; thus, the state of one spot influences the 
condition of the ivhole extent of a mucous membrane. Here it is 
7nore simple to explain the phenomena by communication of the 
organic fibres ivith each other. —Daily experience, in presenting us 
with general affections of raucous and serous membranes, shows the 
sympathy that exists between the different parts of a membrane, a 
sympathy which might be accounted for the the communication of 
organic fibres with each other; but although the explanation appears 
in this case more probable, its correctness, nevertheless, cannot be 
directly proved. 

III. A pariicidar state of one organ, such as inflammation or a secret¬ 
ing action in it, sometimes causes the production of a similar state in 
other parts. In this case we have an instance of reflected action of the 
organic fibres of one part upon those of another. —Inflammation of the 
testicle may be replaced by inflammation of the parotid; erysipela¬ 
tous inflammation of the skin may be transferred to the membranes 
of the brain; suppression of the secretion of one organ may give rise 
to increased secretion in another. All such phenomena are probably 
attended with changes in the organic fibres belonging to the sympa¬ 
thetic system, which accompany the blood-vessels. And here again 
the question arises whether such reflections are produced through the 
medium of the sympathetic alone, or whether the brain and spinal 
cord are the medium of reflection between the centripetal and centri¬ 
fugal actions. 

ly. The ganglia appear to be the central parts from which the 
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vegetative influence is distributed to the different organs. —Inflam¬ 
mation of the eye, and even the general phenomena of impaired 
nutrition, have been observed to follow injury of the first cervical 
ganglion. 

V. This radiating influence of the ganglia appears to he in a 
certain degree independent of the brain and spinal cord, since the 
embryo may be developed while the brain and spinal marrow are 
destroyed. (See Muller'*s Jlrchiv. 1834, p. 286.) 

VI. It appears, however, that the brain and spinal cord are the main 
source whence the power of the organic nerves is gradually renovated, since 
certain affections of the brain and spinal cord, attended with paralysis, are 
likeivise productive of atrophy. 

In concluding our inquiry respecting the sympathetic nerve, we 
can but lament the obscurity in which much regarding it is involved. 
We think, however, that we have shown how investigations on this 
subject must be prosecuted; and that, by applying the laws govern¬ 
ing the action of cerebro-spinal nerves to the sympathetic, much light 
has been thrown on the properties of this nerve, of which M. Ma- 
gendie seemed to think so little known that he hesitated to regard it 
as a nerve. 


CHAPTER VI. 

OP SYMPATHIES. 

In the preceding Chapters so many forms of sympathetic phe¬ 
nomena have been shown to depend on known laws of action of the 
cerebro-spinal nerves, independently of the sympathetic, that the latter 
nerve appears now to have little share in their production. The phe¬ 
nomena of the radiation and coincidence of sensations, of the asso¬ 
ciated and the reflected motions, are independent of the action of the 
sympathetic, and comprehend by far the greater part of the sympa¬ 
thetic phenomena formerly attributed to its influence. 

We will now reconsider the sympathies under more general 
physiological points of view. 

The sympathetic relations of the different parts of the system may 
be arranged under the following heads. 

I. Sympathies of the different parts of one tissue with each other. 

This is one of the most frequent kinds of sympathy. When dif¬ 
ferent parts of a tissue sufl’er by consent one with another, the 
secondary affection is ordinarily of the same kind as the original one. 

a. Cellular tissue. —There is a great tendency in the cellular tissue 
to the extension of any particular state from one part through all its 
prolongations. The diseases of the cellular tissue,—emphysema, 
oedema, induration, fatty degeneration, inflammation, and suppura¬ 
tion,—afford examples of this tendency. They often spread over 
large tracts between the muscles, vessels, and aponeuroses, following 
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merely the connections of the interstitial cellular tissue. Hence it is 
that a knowledge of the natural boundaries of the cellular membrane, 
namely, the fasciae, is so important in forming our judgment of sup¬ 
purations in it. 

h. Skin .—Although there is a marked sympathy between the skin 
and internal organs, yet between the different parts of the skin itself 
there does not appear to exist any great reciprocal influence. Simple 
inflammation of the skin may be confined to one part. But the skin 
may become the seat of extensive exanthematous inflammation, acute 
as welhas chronic, from its having, by virtue of its office of a secreting 
organ, a certain affinity for morbid matters circulating in the fluids of 
the body. It sympathizes much more frequently, however, with in¬ 
ternal parts, for which it forms the common exterior envelope. 
Instances of such sympathies will be given hereafter. 

c. Mucous membranes .—In the mucous membranes there is, it is 
well known, a great tendency to the communication of a particular 
state of one tract to others with which it is continuous, as, for in¬ 
stance, in catarrh. 

d. Serous membranes .—A primary affection of one serous mem¬ 
brane is often followed by a similar affection of all the others. Thus, 
hydro-thorax frequently supervenes to ascites; all cases of dropsy 
affecting different parts are not, however, examples of sympathy. 
Dropsy frequently arises from the introduction of morbid matter into 
the blood in several parts simultaneously, or even from obstruction 
to the circulation in one important organ. In these cases, therefore, 
the simultaneous affection of the different serous membranes is owing, 
not so much to sympathy of the membranes themselves, as to the cir¬ 
cumstance of the original cause having an extensive sphere of action. 

It is really owing to sympathy, however, when, in consequence 
of inffammation of one serous membrane, others become inflamed. 
Thus, sometimes inflammation of the peritoneum is followed by 
pleuritis and arachnitis. 

e. Fibrous membranes .—There is such a close sympathetic con¬ 
nection between the fibrous membranes, that a local lesion very 
frequently induces an extensive and violent affection of them. A 
local rheumatic affection is very prone to extend to all the fibrous 
tissues connected with its original seat, and even to change its 
locality; always following, however, most readily the connections 
of the fibrous membranes. Injury of the ligaments, aponeuroses, 
and fibrous ligamentous tissues of the foot or hand, frequently gives 
rise to extensive inflammation, swelling, and pain, which spread 
from the first point of irritation over the sheaths of the muscles, and 
sometimes attack even the periosteum. 

It may be inferred that the nerves have a share in the sympathies 
of the fibrous membranes, partly from the presence of organic nerves 
accompanying the vessels in all vascular tissues, and partly from the 
actual existence of nerves in the dura mater. Nerves have been 
seen in the dura mater by Comparetti, Arnold, Schlemm, Bidder, 
and myself: they are in part referable to the system of organic 
fibres. 
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f. Bone and cartilage .—Instances of sympathy in the osseous 
system are rare. In many diseases, as in rhachitis and secondary 
syphilis, the osseous tissue throughout the body is aifected, but these 
structural diseases can scarcely be arranged among the sympathiesj 
there is here general irritation, with morbid formation of the osseous 
matter. Distinct examples of sympathy, however, occur also in the 
bony tissue. Thus, when an irritating influence acts upon the sur¬ 
face of a cylindrical bone, the inflammation which ensues is seldom 
confined to the surface, but aflfects the whole thickness of the bone, 
even to the medullary membrane: the texture of the bone becomes 
changed in its whole thickness. So likewise, when the medullary 
membrane of a bone is destroyed, the bone becomes inflamed and 
swelled internally, and also externally, to its very surface. We are 
at present unacquainted with the nerves of the bones, but must pre¬ 
suppose the existence of organic nerves accompanying the vessels in 
them, as in all vascular parts. 

g. Muscle .—Muscle has been supposed to enjoy, in a high degree, 
the property of being excited by sympathy. In proof of this it has 
been stated that the irritation which causes the contraction of one 
muscle, is frequently attended with a number of sympathetic actions 
of other muscles; but here the sympathy is not a property of the 
tissue itself, but of the motor nerves: a muscle of which the nerve 
is cut off from the rest of the nervous system is, it is true, still 
irritable, contracting under the influence of an external stimulus; but 
the irritation is never communicated to other muscular parts,—no 
sympathetic motions ensue. 

The sympathetic convulsions of the muscular system are, there¬ 
fore, not properly sympathies of the muscular tissue, but nervous 
sympathies. The remaining small number of morbid actions which 
occur in muscles, as inflammation and suppuration, are always 
limited in extent, and do not spread beyond the original seat of the 
irritation, as in other tissues. In addition to the very rare inflamma¬ 
tory affections of muscle, its degenerations, and the spasmodic affec¬ 
tions, scarcely any other disease is known to attack this tissue. It 
is evident, from a consideration of all these facts, that in the muscular 
tissue no very great sympathy prevails, either between its different 
parts, or between it and other tissues. 

h. The lymphatic system comprehends the lymphatic vessels and 
glands. 

Diseases of the lymphatic system are very rarely local. Affec¬ 
tions originally seated in the lymphatics, and not sympathetic of 
diseases of other organs, usually affect them generally, constituting 
a morbid diathesis. Some diseases, indeed, as scrofula, seem to be 
confined nearly entirely to the lymphatic system. A state of irrita¬ 
tion, which is at first local, rapidly spreads in these vessels by sym¬ 
pathy. When a lymphatic gland becomes inflamed in consequence 
of external irritation, the surrounding glands soon become affected; 
they become swollen, if not actually inflamed. Many primary irri¬ 
tations of the lymphatics are produced by irritating substances (poi¬ 
sons) absorbed into them. The inunction of mercury at one part of 
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the surface often gives rise to extensive irritation of the lymphatics, 
and the glands of different parts of the body become simiiltaneonsly 
affected. Inflammation of the lymphatics from the local action of a 
poisonous substance rapidly extends to all the lymphatics in the 
limb; and in such cases the skin is everywhere traversed by red lines, 
indicating the course of the inflamed vessels. 

Of equally frequent occurrence are instances of the sympathy of 
the lymphatic vessels with lymphatic glands. One of the most com¬ 
mon symptoms in structural diseases of the great viscera, is enlarge¬ 
ment of the lymphatic glands in their neighbourhood. 

Sympathetic enlargement of the lymphatic glands is equally fre¬ 
quent in inflammatory affections of a neighbouring part. 

These sympathetic enlargements of the glands difter chiefly from 
the original atfection in disappearing as soon as the disease of the 
organ primarily affected is removed; in being chronic when excited 
by a chronic disease, acute when the primary disease is acute: and, 
lastly, in consisting simply of tumefaction, generally without any 
other change from the natural state of the tissue. 

We may state generally that an extensive irritation of the lym¬ 
phatic system may be excited from any point of the surface which is 
supplied with lymphatic vessels. The exciting cause may either be 
the actual introduction of an irritating matter, or a lesion unattended 
by absorption; for example, a mechanical injury, or a burn. Hence, 
we see that for the excitement of this sympathy it is, at least, not in¬ 
dispensable that a morbid matter be actually carried along the ves¬ 
sels. The irritation of the lymphatics may be excited, too, by origi¬ 
nal irritation of an internal surface of the body, as well as by lesion of 
the external surface, when a corresponding series of phenomena 
ensues. Just as inflammation of the skin from a burn is followed by 
irritation of the surrounding lymphatics, extending to the nearest 
lymphatic glands, so inflammation of the mucous membrane of the 
intestinal canal, when it continues for any length of time, as in 
typhus, induces inflammation of the lacteals and mesenteric glands,— 
those lacteals and glands, namely, which correspond to the inflamed 
part of the intestine. 

Sometimes the lymphatics, as well as the veins, coming from a 
suppurating part, contain pus. The corresponding lymphatic glands 
also occasionally suppurate. It would be an error to infer that the 
pus in these cases had been absorbed by the lymphatics; it is pro¬ 
duced in the vessels themselves by the inflammation which has ex¬ 
tended into them, just as the pus in the veins of the stump of an 
amputated limb is produced by inflammation of their coats. The 
inflammation and suppuration of the mesenteric glands, consequent 
on ulceration of the intestines in typhus, afford us a distinct proof 
that in this case, at least, the pus is formed in the absorbent vessels 
and glands themselves. 

i. Blood-vessels.—WhGn it is remembered that the sympathy of 
the pulse with the diseases of individual organs depends on a sym¬ 
pathy of the heart, rather than of the arteries themselves; and when, 
moreover, it is taken into consideration that the local diseases of 
arteries, such as inflammation and dilatation, are in a great measure 
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limited to the point to which their exciting cause was applied, and 
have no tendency to spread; we are justified in the conclusion that 
the sympathies of arteries are in general inconsiderable: we must, at 
least, adopt this opinion with regard to the coats of the larger arteries 
and their branches. But we cannot doubt that the nervous system 
may exert an influence over the state of the arteries independently 
of the heart; this influence is seen in the varying state of turgescence 
of the skm during mental emotions,—the local congestions and suc¬ 
ceeding cmlapse which are observed to occur in different parts of the 
surface under such circumstances. 

In cases of a general affection of veins, it is difficult to determine 
whether this has originated at one point, and gradually spread from 
sympathy of tissue, or whether the immediate cause of the disease 
has acted simultaneously on a great extent of the venous system. It 
is, however, a character of this system of vessels, that its diseases are, 
generally, not local. 

We have direct proof of the extended sympathy of the veins in 
phlebitis, which being excited at any point, by causes capable of 
giving rise to inflammation, extends so rapidly, that in a short space 
of time all the venous trunks of the limb become affected. 

k. Glandular tissues .—Although certain diseases, as scrofula and 
cancer, attack principally the glandular tissue, yet these general 
affections of the glands cannot be attributed to sympathy, but arise 
from the nature of the diseases themselves, which have an especial 
tendency to affect glandular structures; and their extension is not so 
much the consequence of an original local irritation, propagated by 
sympathy, as of a general morbid disposition of the tissue developed 
to a complete disease under the influence of local irritation. There 
is no doubt, however, that when a disease commences in a single 
gland, it will, from the sympathy of the different parts of the gland, 
more readily affect the whole of its substance than other surrounding 
textures. The following are instances, however, of sympathetic 
irritation of glands. 

All secreting organs, just as they reflect irritation in themselves 
upon their efferent ducts, are also sympathetically affected with irri¬ 
tation when their efferent ducts are first affected; thus the presence 
of food in the mouth gives rise to an increased flow of saliva from 
the salivary glands, the presence of a sound in the bladder excites an 
increased secretion of urine(?), irritation of the glans penis an in¬ 
creased secretion of semen, and irritation of the mucous membrane 
of the eye a more abundant secretion of tears. Thus also, while the 
food is in the stomach, the bile flows into the small intestine in small 
quantity; but, when the chyme has come into contact with the mu¬ 
cous coat of the duodenum, it is poured out in much greater abun¬ 
dance; while, during fasting, on the contrary, the amount of bile 
excreted is very scanty.^ 

♦ The facts considered in this section have been elucidated by the principles of 
physioloffical anatomy, chiefly through the labours of Bichat, whose work on 
general anatomy contains more of the true principles of general pathology than 
most of our treatises on that subject. 
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It is difficult to account for the sympathy evinced by different parts 
of a tissue for each other. It has been supposed to be independent 
of nervous action, and to be owing to the identity of structure and 
continuity of the tissue. But can inflammation, for example, really 
spread in a tissue by this kind of contagion? Can the component 
substance of a tissue, independently of nervous influence, by a kind 
of affinity of iis different parts, communicate a state of irritation from 
one point to those contiguous? We cannot decide this question. 
Other physiologists have attributed these sympathies of a sii^le tissue 
to the influence of the nerves, inasmuch as mucous membranes which 
are not anatomically connected, and serous membranes which do not 
communicate in any way, present phenomena of sympathetic con¬ 
sent. But still another explanation of such cases, might be oflered, 
namely, that all the phenomena are owing to a noxious matter ab¬ 
sorbed into the blood or generated in it, which has an affinity for all 
mucous or all serous membranes, &c. The nerves are, however, 
evidently engaged in the cases of the extension of sensations over 
the different parts of the same tissue; but whether by virtue of a 
connection of their peripheral extremities, or through the interven¬ 
tion of the central organs of the nervous system, is another question. 

II. Sympathies of different Tissues with each other. 

This second form of sympathy is of much less frequent occurrence 
than the first. Ordinarily a disease has a much greater tendency to 
affect the same tissue in a different organ from that first affected, 
than to be communicated from one tissue to another even in the 
same organ. The mucous coat may take on a morbid secreting 
action, without the muscular coat suffering; the serous covering of 
the heart may Ije the seat of disease, while the muscular substance 
under it remains healthy; the muscular coat of the intestinal canal 
may be affected with spasm, the mucous and serous coats remaining 
in their normal state; and the serous tunic of an organ may secrete 
a watery fluid without the other tunics being affected. There are 
instances, however, of sympathy between different tissues. It is 
here to be observed, that when different tissues sympathise with 
each other, the phenomena vary in them according to the properties 
of each; while in the sympathy of different parts of the same 
tissue, the secondary affection is ordinarily identical in its nature 
with the original one. Inflammation alone manifests itself with 
the same characters even when it affects different textures. The 
principal examples of this second form of sympathy are the fol¬ 
lowing:— 

1. Between the skin and mucous membranes. —These textures 
very frequently sympathise. Many diseases of the mucous mem¬ 
branes, particularly inflammation and increased secretion, are fre¬ 
quently excited by the action of a noxious influence of the skin, 
and vice versd. The action of cold upon the skin gives rise to in¬ 
flammation of the lungs, throat, or intestines, or to catarrhal affec¬ 
tions of these or other mucous membranes; the mucous membrane 
of that organ being always attacked, which, from idiosyncrasy of 
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the individual, is more disposed to disease than the skin. On the 
other hand, a diseased state of the mucous membrane, of that of 
the stomach, for example, induces an altered condition of the secre¬ 
tion of the skin, of the circulation in it, and of its colour. Owing to 
the sympathy of the mucous membranes with the skin, we can arrest 
hemorrhages from the former by the application of cold to the latter 
structure. 

2. Between the skin and serous membranes .—The effusion of a 
watery fluid from the serous membranes is always attended with 
diminished secretion from the skin; and suppression of the cuta¬ 
neous secretion sometimes gives rise, on the other hand, to effusions 
into the serous cavities, as well when the skin is in a healthy state, 
as when it is the seat of an exanthematous eruption, whose course 
is disturbed. Lastly, inflammations of the serous membranes are 
not infrequently excited by the action of noxious influences upon 
the skin. 

3. Between the glandular tissue and the mucous membranes .— 
I have already mentioned how close a sympathy prevails between 
the mucous membranes, and the glands which pour their secretion 
into them. At this we must not be surprised; since the glandular 
tissue is not merely a development, as it were, of the efferent duct, 
and this a prolongation of the mucous membrane, but the glands 
connected with the intestinal canal are originally formed as diverti¬ 
cula from it. 

4. Between the mucous membranes and the serous membranes, 
such reaction is of more rare occurrence. 

5. Between the fibrous membranes, as the periosteum, and the 
cartilaginous and osseous tissues, there is a very close sympathy. 
The state of the periosteum determines that of the bone, and vice 
versd. Inflammation of the periosteum is frequently followed by 
enlargement of the bone beneath it; and, when swellings of the 
osseous substance itself take place, the periosteum becomes thick¬ 
ened. Enlargement of the whole thickness of a bone is a result 
of inflammation of its medullary membrane. Destruction of the 
periosteum gives rise to external, destruction of the medullary 
membrane to internal, necrosis. This relation depends principally 
on the circumstance that innumerable minute vessels are received 
by the bone both from the periosteum and the medullary membrane. 

An observer of the phenomena of disease will easily multiply the 
examples of sympathy between different tissues. The same ex¬ 
planation is not applicable to all such cases. Secreting membranes 
by virtue of their influence on the circulating fluids, and indepen¬ 
dently of the nerves, stand in an antagonistic relation to each other. 
Other phenomena, in which it is not so much the secretion only, as 
the whole vital condition of the membranes, which is altered, as in 
the reaction of the skin and mucous membranes on each other, are 
rather to be referred to the effects of reflex action of nerves. With 
respect to the sympathy of the glands and mucous membranes, it is 
uncertain whether it be owing to reflection, or to the direct action 
of the nerves on each other, by the intervention of the sympathetic. 
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The sympathy of the periosteum and medullary membrane with 
the osseous substance is to be ascribed to vascular communication, 
and to the sympathy of the vascular tissue common to them. 

III. Sympathies of individual Tissues with entire Organs. 

A disease of an entire organ, into the formation of which a tissue 
that extends to other parts enters, affects also the prolongations of 
this tissue; and, on the other hand, the state of a single tissue may 
modify all the others, which with it form a compound organ. Ex¬ 
amples of this kind of sympathy may be found more particularly in 
the relation existing between the viscera and the skin, the mucous 
and the serous membranes. 

Through the medium of the skin noxious influences may set up 
disease in any internal organ predisposed to it; and, on the other 
hand, the application of irritants and derivatives to the skin has an 
effect on a diseased state of any organ lying near the part irritated. 
Hemorrhages from internal parts are arrested by the action of cold 
upon the skin. Lastly, an exanthematous disease may disappear 
from the skin, and affect an internal organ. 

The serous membranes always participate in the condition of the 
organs to which they give an investment. When the viscera are the 
seat of structural disease, the serous membranes take on a morbid 
action, not merely where they cover the diseased organ, but in their 
whole extent. Thus, organic disease seated in the lungs gives rise to 
hydrothorax, in the heart to hydro-pericardium, in the uterus and 
ovaries to ascites, and in the testis to hydrocele. When viscera, of 
which mucous membranes form part, are diseased, those membranes 
are always affected in a great extent. Organic diseases of the uterus 
are attended with leucorrhea; diseases of the lungs, with affection 
of the bronchi; and structural diseases of the stomach and intestinal 
canal, are frequently accompanied by obstinate constipation from 
defective secretion of the intestinal mucous membrane. 

The whole system sympathises with the inflammatory state of a 
mucous membrane; and the surrounding muscles either act with 
difiiculty, as is the case with the pharyngeal muscles in inflammation 
of the pharynx; or they are affected with spasms, as when irritation 
of the lungs gives rise to spasmodic action of the diaphragm and 
intercostal muscles, so as to produce coughing. Mechanical irritation 
of the mucous membranes has the same effect. Every one must 
have observed the convulsive actions excited by mechanical irrita¬ 
tion of the glottis, the retching from irritation of the mucous mem¬ 
brane of the pharynx; and in the same way irritation of the mucous 
membrane of the bladder or ureters by calculi, or inflammation of 
that membrane, gives rise to spasmodic contraction of the sphincter 
ani, of the sphincter vesicae, and to drawing up of the testicle by the 
cremaster. 

Of all membranes the fibrous have the least sympathy with other 
organs, even with the organs which they invest. These fibrous 
membranes, which have the office of affording protection or attach¬ 
ment to other parts, are in this respect almost insulators. Only in- 
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flammation of these membranes can affect the organs which they 
invest, and can give rise to marked symptoms in them, and this 
depends on the communication and sympathy of their vessels; thus 
it is that inflammation of the dura mater is attended with cerebral 
symptoms. 

The explanation of the sympathy of individual tissues with entire 
organs is to be found partly in the laws of nervous reflection, when 
the sympathising parts are quite unconnected, and partly in the re¬ 
action of communicating vessels, and of the nerves accompanying 
these vessels in connected parts, such as the uterus and the mucous 
membrane of the genital organs. 

IV. Sympathies of entire Organs with each other. 

Although it is essential to our ideas of a living organism that the 
condition of one organ has an influence on that of all the others, yet 
this influence is manifested principally between the organs of certain 
systems or groups. The sympathies which fall under this head are 
the following:— 

1. Sympathies between organs which have similar structure and 
function; as between the different salivary glands, between the heart 
and blood-vessels, between the stomach and intestines, and between 
the different central organs of the nervous system. 

2. Sympathies between organs which, although of different struc¬ 
ture, yet belong to the same system; such as the different viscera of 
the chylopoietic system (intestinal canal, glands, and spleen), the 
uropoietic system, the generative system,—the two latter systems re¬ 
acting on each other,—and the respiratory system of organs (larynx, 
trachea, and lungs). 

3. Sympathies between organs anatomically connected by means 
of vessels and nerves, as the lungs and heart. 

4. The sympathies which connect all important viscera with the 
central organs of the nervous system. We have instances of such 
sympathy in the affection of the brain which accompanies inflam¬ 
mation of internal viscera, as the liver, lungs, or intestinal canal; and 
in the affections of the stomach and liver, which attend injuries or 
irritation of the brain, &c. 

The phenomena of this class are partly owing to the different 
organs of the same system, or parts anatomically connected, deriving 
their nervous influence from one and the same source; and partly to 
the influence of the central organs of the nervous system upon all 
the organs of the body. The probability of these phenomena being 
in a greater degree dependent on the central organs of the nervous 
system than on the anastomoses of the sympathetic nerves, is ren¬ 
dered stronger by the occurrence of sympathies which are quite 
inexplicable by nervous communication or anatomical connection; 
such as the sympathies of the mammae with the genital organs, and 
of the larynx and respiratory organs with the genital organs at the 
period of puberty, and in debauchees and eunuchs. The sympathy 
of the parotid and testicle in the metastasis of inflammation from the 
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one to the other, is at present inexplicable, except on the principle of 
reflection. 

V. Sympathies of the Nerves themselves. 

Although the nerves are the cause of the greatest part, if not of 
all, of the phenomena of sympathy, yet we must consider separately 
those cases in which the reciprocal action takes place between nerves 
only, or in which the secondary phenomena at least are manifested 
by a nerve. 

I. Sympathies of nerves with the central parts of the nervous system .— 
Not only do the nerves require, for the preservation of their natural 
power, that the influence of the central organs should be constantly 
transmitted to them; but a change can be produced in the central 
organs through the medium of the nerves. The facts on which this 
assertion rests have been already in part detailed in the chapter on 
nervous reflection. We avail ourselves of this sympathy of the cen¬ 
tral organs with the nerves in a number of cases of disease of the 
brain and spinal cord. The spinal cord itself may be stimulated 
through the nerves which arise from it, by friction of the skin and 
other means. The brain and spinal cord also may be excited through 
the medium of the nerves by cold and warm baths, shower-baths, 
and the dropping of cold water upon diflerent parts of the surface. 
These facts have been long known, but not the physiological laws 
by which they may be explained; the facts detailed in the chapter 
on nervous reflection enable us to understand how the nerves and 
central organs can sympathise with each other. The application of 
mechanical, galvanic, or chemical stimuli, to the nerves, in any part 
of the body, particularly in the skin, gives rise to powerful centri¬ 
petal action; which, if often repeated, is calculated to rouse the de¬ 
pressed vital process directly in those parts of the brain and spinal 
cord from which the stimulated nerves arise, and indirectly in other 
parts of the central organs of the nervous system. We may, from 
these considerations, deduce the inference that, in the treatment of 
diseases, the central organs may be acted on in very different ways, 
namely:— 

1. Directly, by means of matters introduced through the medium 
of the alimentary canal, or of the skin, into the blood; a method 
which is often unsuccessful, on account of the insufficiency of the 
remedies. 

2. Indirectly, through the intervention of the nerves arising from 
the central organs; a procedure which is attended with the most ex¬ 
cellent results. 

II. Sympathies of sensitive and motor nerves with each other .— 
In the foregoing case we have regarded merely the effects which 
impressions made upon sensitive nerves induce in the central organs 
themselves; here we have to consider reactions of the central organs 
thus stimulated upon other sensitive or upon motor nerves. The 
centripetal excitement of the sensitive nerves does not merely act 
upon the central organs, but is reffected from them. This reflection 
sometimes takes place from one sensitive nerve upon another. Hence 
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we are enabled to stimulate sensitive nerves, which are not directly 
accessible to us, such as the auditory or optic nerves, by applying the 
stimulating means to other sensitive nerves which stand in close re¬ 
lation with them, both physiologically and in respect of origin. Thus, 
we treat partial deafness and imperfect loss of vision by irritants to 
the skin, &c. By virtue of the reflected action of sensitive upon 
motor nerves, also, through the intervention of the brain and spinal 
cord, we are sometimes enabled to remove local paralysis of indi¬ 
vidual nerves, for example, paralysis of the facial nerve, or ptosis, by 
irritating the nerves of the face, &c. 

III. Sympathies of the corresponding nerves of the two sides. — 
Of this we have instances, particularly in the optic, auditory, and 
olfactory nerves, and in the ciliary nerves. 

When one eye is affected with a disease, and originally but this 
one, the other is frequently attacked by the same disease. One eye 
being destroyed by inflammation, the other frequently becomes in¬ 
flamed and likewise disorganised. Affections of the internal ear are 
not always confined to one side. Deafness of one ear is often fol¬ 
lowed by the other becoming deaf also. The sympathies of the 
motor nerves of the eye, and especially of the ciliary nerves, are 
sufficiently well known. In the healthy state, the sympathy of the 
nerves of the two irides causes the pupil to be of equal size, although 
the action of the external cause determining their contraction is very 
different on the two sides. The sympathy of the corresponding 
nerves of the opposite sides is evidenced very frequently in what are 
called neuralgic diseases,—the painful affections of the nerves. In 
consequence of painful affection of the nerve on one side of the face, 
the corresponding nerve of the other side sometimes becomes affected. 
Toothache from a decayed tooth is not confined to the seat of the 
irritating cause; the corresponding nerve of the opposite side is occa¬ 
sionally affected. 

IV. Sympathies of motor nerves with each other .—The extremely 
frequent phenomena of associate motions, the movements which in¬ 
voluntarily accompany other movements determined by the will, have 
been treated of at page 533. 

V. Sympathies of sensitive nerves .—These present themselves 
principally under three forms, which differ merely in the extent and 
distance from each other of the parts thrown into consensual action. 

a. In the first case, a violent sensation excited at a single spot ex¬ 
tends to nerves of the same kind, or to other fibres of the same nerve 
producing phenomena which have been treated of under the head of 
the “ radiation of sensations,” at page 544. 

h. In the second case, an affection of one sensitive nerve induces 
an affection of a sensitive nerve of another kind, but in the same 
organ. This kind of sympathy is observed principally between the 
nerves of special sense and the nerves superadded to the organs of 
sense, for the reception of the general impressions of resistance, 
warmth, cold, pleasure, and pain. The optic nerve is susceptible of 
the impression of light; but is not endued with common sensibility, 
which the eye receives from branches of the fifth, ramifying in the 
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conjunctiva, and from the ciliary nerves. The organ of hearing has, 
in addition to the auditory nerve, fibres from the facial, the second, 
and third division of the fifth nerve, and from the ganglion oticum, 
which are distributed in the mucous membrane of the tympanum; 
and from these, together with the numerous nerves of the external 
ear and external meatus, the common sensibility of the organ of hear¬ 
ing is evidently derived. The nose is not only the seat of the sense 
of smell, the function of the olfactory nerves, which, according to 
Magendie, are devoid of common sensibility, but is very susceptible 
of other sensations, such as resistance, warmth, cold, tickling, pain, 
&c. which are due to the presence of nasal branches of the fifth nerve. 
It is very well known that the tongue has not only the sense of taste, 
but also the sense of touch. 

Now, the nerves of special and those of common sensation in the 
organs of sense have a marked influence on each other. The blind¬ 
ness which sometimes follows injury of the frontal nerve has been 
thought to be an instance of this. It has been imagined that the 
efl'ect of the injury of the frontal nerve is propagated backwards to 
the trunk of the ophthalmic, from the nasal branch of which the 
ciliary ganglion derives its longer root. But the ciliary nerves can 
influence the power of the iris only, and not that of the retina, with 
which they are in no way connected. It appears to me much more 
natural to suppose that the blindness consequent on contusions of the 
forehead is owing to the concussion suffered by the eye and optic 
nerve. M. von Walther has, I think, gone too far in attributing 
much influence to the ciliary nerves in the production of amaurosis 
and amblyopia. In many other phenomena, however, we have 
indubitable proofs of the sympathy of the different nerves of the 
organs of sense; for example, in the sensation of tickling in the nose 
from looking at the sun, and in the sensation of shuddering, and 
creeping over the surface, excited by certain sounds, &c. The prin¬ 
ciples laid down in the section on the laws of nervous action do not 
leave much doubt concerning the explanation of these phenomena. 
Since communications of the nerves of special sense with the super- 
added nerves of common sensation, by means of the sympathetic, 
have not been satisfactorily demonstrated to exist, we must refer the 
phenomena in question to reflection of the impression in the brain. 
Tiedemann, [Zeitschrift fur Physiol, i. 237,) in treating of the sym¬ 
pathies of the organs of the senses, lays stress upon the fact that all 
those organs receive branches from the sympathetic nerve; this can¬ 
not be denied; but, to explain the sympathies of the nerves of special 
sense with other sensitive nerves, it is necessary, not that the organ 
generally, which is a part composed of numerous tissues, but that 
the nerve itself should have such connections with the sympathetic. 
Such connections have indeed been described. Tiedemann himself 
saw branches of the ciliary nerves accompanying the arteria centralis 
retinae, even as far as the retina; but this does not prove a connection 
of the optic nerve or of the retina with the sympathetic. Hirzel 
( Tiedemann’s Zeitschrift, i. 229,) observed in several cases a con¬ 
nection between the ganglion spheno-palatinum and the optic nerve. 
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Arnold traced such a twig as far as the sheath of the optic nerve, but 
denies its connection with the nerve itself. Varrentrapp {Observ. 
Anat. departe cephal. nerv. sympath. Francof. 1831,) did not see 
this communicating filament. But even if the optic nerve did really 
receive a filament from the sympathetic, much would not thereby be 
explained; for, to establish such a communication as is necessary to 
explain the sympathies, the communicating thread of the sympathetic 
must be connected with all the fibres of the optic nerve; its connection 
with one or a few of these fibres would not be sufficient. The same 
remarks apply to the organ of hearing. Koellner, Swann, Arnold, 
and Varrentrapp have observed a connection between the facial and 
the acoustic nerve, within the meatus auditorius internus. According 
to Arnold, [Der Kopftheil des veget. Nervensyst. Heidelb. 1831, p. 
83,) the communication is twofold: one is through the medium of the 
sympathetic nerve. A fibre derived from the sympathetic leaves the 
facial to join the acoustic nerve, and in the calf forms a small gan¬ 
glion at the bottom of the meatus auditorius. This structure, which 
is very distinct in the calf, appears to me to be destined to convey 
organic fibres into the interior of the labyrinth. The organic fibres 
of the tympanic plexus may probably be subservient to the organic 
functions, such as the secretion of mucus. The second mode in 
which the facial and acoustic nerves are connected, is by means of a 
fibre which passes from the smaller portion of the facial nerve to the 
nervus acousticus. Since at their origin the two nerves are connected 
by many nervous filaments, this communicating thread in the meatus 
auditorius may be regarded as a fibre which belongs to the acoustic 
nerve, but which has thus far accompanied the facial. The ramus 
acousticus accessorius, derived from the facial in birds and the cyclo- 
stomatous fishes, is to be viewed in the same light. 

The remarks which we have made regarding the sympathies of 
the nerves of special sense with the other swperadded nerves of the 
organs of sense, may be applied to the more remote sympathies of 
these organs with the abdominal viscera. Partial amaurosis, tin¬ 
nitus aiirium, and other symptoms, have been observed accom¬ 
panying a disturbed state of the functions of the abdominal viscera; 
and many persons have explained these phenomena on the sup¬ 
position of the sympathetic nerve having a share in the functions of 
the organs of sense, although they are much more easily accounted 
for as the result of the impression made by the disordered viscera 
upon the brain and spinal cord, and by them reflected upon the 
organs of sense. These secondary affections of the senses cannot, 
however, be regarded in this isolated manner; the whole nervous 
system frequently suffers in such cases; obstinate pains in the head 
precede or accompany the affection of the organs of sense, or the 
sensibility of the nerves of common sensation generally is found to 
have suffered. 

Having now considered separately the different forms of sympathy, 
we must glance at the application which may be made of these views 
in the treatment of disease. 

The principle of the balance of sympathy teaches us how we 
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must avoid aggravating the morbid condition of one organ by the 
means which we apply to another; but it also teaches us how we 
may produce a change in the state of one organ directly inaccessible 
to us by effecting an appropriate change in another. The remedial 
means which act by virtue of the sympathies of the body have re¬ 
ceived the names of derivation and counter-irritation, inasmuch as 
they are intended to remove a certain state in one organ by inducing 
artificially a change in another. Their mode of action may be thus 
stated:— 

1. Exaltation of the activity of an affected part, by artificially 
increasing that of the part which sympathises with it. 

2. Depression of the irritation of a part, by producing relaxation 
of the consensual part. 

These results may be expected in the highest degree in the sym¬ 
pathies of the nerves, and especially wherever the laws of reflection 
from sensitive upon motor nerves, by the intervention of the brain 
and spinal cord, come into play. In the nerves distributed over the 
whole surface of the skin, we have an extensive field for acting in¬ 
directly on the brain and spinal cord. By friction, electricity, 
moxas, cold baths, and mustard plasters, we stimulate the peri¬ 
pheral extremities of the cutaneous nerves, and indirectly the cen¬ 
tral organs of the nervous system; by soothing the peripheral nerves 
in the skin by tepid baths, we allay irritation of the brain and spinal 
cord. 

3. Diminution of a morbid secretion in one part, A, by increasing 
the secretion of another part, B, or by giving rise to a similar secre¬ 
tion in the second part, B. This mode of action is the reverse of 
that which takes place in the preceding cases; it is explained by the 
principle of the antagonism of secretions, laid down at page 451. 
There is an exception to this law in the sympathy of the different 
parts of one and the same tissue (see page 578). 

4. Diminution of sanguineous congestion in one organ, by excit¬ 
ing congestion artificially in another organ; as in the action of hot 
foot-baths. This case is similar to the preceding, and is the reverse 
of the first two, but is explicable on the same principle. 

5. Diminution of a certain state, x, in one part. A, by exciting a 
different state, y, in a second part, B, of the same tissue; a method 
which we adopt frequently with the best effects. Secretion and in¬ 
flammation, particularly when seated in a secreting organ, are to be 
regarded almost as opposite states. Inflammation always arrests 
the natural secretions. Hence inflammation of the mucous mem¬ 
branes of the fauces is successfully treated by exciting a diarrhoea. 
The same reaction can be excited between different tissues. A diar¬ 
rhoea diminishes congestion in the head. This case,however,belongs 
to the mode of action indicated in paragraph 4. 

6. Diminution of a certain state, ar, in one organ, by exciting the 
same state in another organ. This appears to be contradictory to 
most of the facts established in the foregoing paragraphs, and its 
explanation is a matter of great difficulty. The production of an 
inflammatory state artificially in the neighbourhood of an inflamed 
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part would cause the original inflammation to become increased, 
not diminished, particularly if the artificial inflammation were 
induced in a part of the same tissue; and, nevertheless, inflamma¬ 
tion of one organ is rendered less active by inflammation being ex¬ 
cited in another organ, at a certain distance from the one originally 
diseased. Ophthalmic affections are treated by exciting inflamma¬ 
tion of the skin at a little distance from the eye.(«) Affections of the 
joints, &c. are treated by counter-irritation of the skin. The success 
of these methods of treatment seems to prove, that the states of irri¬ 
tation of the capillary vessels of two organs, particularly if in dif¬ 
ferent tissues, are not subject to the same relation which we have 
observed to prevail so distinctly, in the cases indicated in para¬ 
graphs 1 and 2, between peripheral and central parts; and by virtue 
of which, irritation of the peripheral branches of the nerves does not 
arrest irritation of the central organs, but induces in them a more 
active state. 


SECTION IV. 

OF THE PECULIAR PROPERTIES OF INDIVIDUAL NERVES, 

CHAPTER I. 

Of the Nerves of Special Sense. 

The nerves have always been regarded as conductors, through the 
medium of which we are made conscious of external impressions. 
Thus the nerves of the senses have been looked upon as mere pas¬ 
sive conductors, through which the impressions made by the pro¬ 
perties of bodies were supposed to be transmitted unchanged to the 
sensorium. More recently, physiologists have begun to analyse 
these opinions. If the nerves are mere passive conductors of the 
impressions of light, sonorous vibrations, and odours, how does it 
happen that the nerve which perceives odours is sensible to this kind 
of impressions only, and to no others, while by another nerve odours 
are not perceived; that the nerve which is sensible to the matter of 
light, or the luminous oscillations, is insensible to the vibrations of 
sonorous bodies; that the auditory nerve is not sensible to light, nor 
the nerve of taste to odours; while, to the common sensitive nerve, 
the vibrations of bodies give the sensation, not of sound, but merely 
of tremours? These considerations have induced physiologists to 
ascribe to the individual nerves of the senses a special sensibility to 
certain impressions, by which they are supposed to be rendered con¬ 
ductors of certain qualities of bodies, and hot of others. 

This last theory, of which ten or twenty years since no one doubted 
the correctness, on being subjected to a comparison with facts, was 
found unsatisfactory. For the same stimulus, for example, electricity, 
may act simultaneously on all the organs of sense,—all are sensible 

(c) See page 451, and foot-note. 
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to its action; but the nerve of each sense is affected in a different waVj 
—becomes the seat of a different sensation: in one, the sensation of 
light is produced; in another, that of sound; in a third, taste; while, 
in a fourth, pain and the sensation of a shock are felt. Mechanical 
irritation excites in one nerve a luminous spectrum; in another, a 
humming sound; in a third, pain. An increase of the stimulus of 
the blood causes in one organ spontaneous sensations of light; in 
another, sound; in a third, itching, pain, &c. A consideration of 
such facts could not but lead to the inference that the special suscep¬ 
tibility of nerves for certain impressions is not a satisfactory theory, 
and that the nerves of the senses are not mere passive conductors, 
but that each peculiar nerve of sense has special powers or qualities 
which the exciting causes merely render manifest. 

Sensation, therefore, consists in the communication to the sen- 
sorium, not of the quality or state of the external body, but of the 
condition of the nerves themselves, excited by the external cause .— 
We do not feel the knife which gives us pain, but the painful state 
of our nerves produced by it. The probably mechanical oscillation 
of light is itself not luminous; even if it could itself act on the sen- 
soriurn, it would be perceived merely as an oscillation; it is only by 
affecting the optic nerve that it gives rise to the sensation of light. 
Sound has no existence but in the excitement of a quality of the 
auditory nerve; the nerve of touch perceives the vibration of the 
apparently sonorous body as a sensation of tremour. We commu¬ 
nicate, therefore, with the external world merely by virtue of the 
states which external influences excite in our nerves. 

By the knowledge of the fact just announced, we are led not only 
to recognise the peculiar qualities of the different nerves of sensation, 
in addition to their general distinction from the motor nerves; but 
we are also enabled to banish for ever from the doctrines of physi¬ 
ology a number of erroneous notions regarding the supposed power 
of the nerves to perform the functions of each other. It has been 
long known that blind persons cannot recognise colours with their 
fingers, as colours: but we perceive now why it is impossible for 
them to do so. However acute the sense of touch in the finger of 
the blind may be rendered by practice, it can still be but the one 
sense proper to the nerves of the fingers,— touch. 

The facts which we have considered afford also a refutation of 
opinions still current, which regard it as possible that the functions 
of the optic and olfactory nerves, when they are absent, can be per¬ 
formed by the nervus trigeminus. 

Some animals, though provided with eyes,—for instance, the mole 
and Proteus anguinus ,—have been said to want the optic nerves, 
the sense of vision being then placed in the ophthalmic branch of the 
fifth nerve. This statement has arisen, in the case of the mole, from 
inaccuracy of the anatomical examinations; and the same is the case 
probably in the Proteus. The mole has an uncommonly small optic 
nerve, and a very delicate chiasma, as Dr. Henle has shown to me. 
It has been stated that, in the Cetacea, the office of the olfactory 
nerve, which, according to Blainville, Mayer, and Treviranus, is 
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extremely small and rudimentary, ( Treviranus, Biologie, v. 342,) 
is supplied by the nasal branches of the fifth nerve. How slight the 
grounds of this conclusion are, is evident, when we consider that we 
have not the least proof that the Cetacea have the sense of smell. 
M. Magendie {Journal de Physiologie, t. iv. p. 169,) imagined that 
he had found proof of the olfactory nerve not being the nerve of 
smell, and of this sense being the property of the nasal branch of the 
fifth. He remarked that, after the olfactory nerves had been de¬ 
stroyed, animals were still sensible to acetic acid, ammonia, oil of 
lavender, and oil of dippel; for, when these substances were applied, 
they rubbed their nostrils with their feet, and sneezed. This proves, 
as Eschricht* * * § remarks, and as every one must perceive, that the 
olfactory nerves are the nerves of the sense of smell only, and not 
nerves of common sensation; for all the substances which Magendie 
mentions are excitants of the common sensibility of the mucous 
membrane of the nostrils, derived from the nasal branches of the 
fifth. The fiesh of animals excites the sensation of smell only; and 
M. Magendie confesses, that a piece of meat enveloped in paper and 
placed before a dog in which the olfactory nerves had been destroyed, 
did not attract the animal’s attention. That the sense of smell is 
wanting when the olfactory nerves in man do not exist, or have been 
destroyed, is shown by the cases related by liudius, Rolfink, Mag- 
nenus, and Oppert, Balonus, Loder, and Serres.t MeryJ and Berard, 
on the contrary, state that they have observed persistence of the 
sense of smell with induration of the olfactory nerves, or of the an¬ 
terior lobes of the brain. But what assurance have we that these 
physiologists have not confounded the sense of smell with the com¬ 
mon sensibility of the nose.? 

The nerve of taste appears never to arise as a separate nerve; on 
the contrary, its fibres seem to be included in other nerves, probably 
both the lingual and palatine branches of the fifth; for both the 
palate and tongue are endowed with the sense of taste. Cheese 
made to touch the palate only, is distinctly tasted. Even the pharynx 
is the seal of sensations allied to taste, namely, those of nausea. 

Loss of taste has been observed in cases where the fifth nerve has 
sutfered from disease.§ Magendie observed the same effect after 
dividing the lingual nerve; and the experiments of Mayo, and those 
which I myself instituted in conjunction with Professor Gurlt and 
Dr. Kornfeld, were attended with a similar result. 

Panizza|| regards the lingual branch of the fifth as a mere nerve 
of common sensation or touch, and the glosso-pharyngeus as the 

* Diss. de Funct. primi et quinti pans in Olfact. Organo. Magendie, Journ. t. 
vi. p. 3.39. 

f Compare Eschricht, loc. cit. and Backer, Comment, ad Quaest. Physiol. 
Traject. 1830. 

ij: Hist, de I’Anat. et Chirurg. par Portal, t. iii. p. 603. Magendie’s Journ. t. 
V. p. 17. 

§ Parry, Elem. of Pathol, and Therap. vol. i., and Mr. Bishop in the Medical 
Gazette, Dec. 21, 1833. 

II Richerche Sperimentali sopra i Nervi. Pavia, 1834. An account of Panizza’s 
experiments was given by Dr. G. Burrows, in the 16th vol. of the Med. Gaz. 
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nerve of taste. It appeared to him that taste was not lost after divi¬ 
sion of the lingual branch of the fifth. The animals in which the 
experiment was performed, tried to eat bread, milk, and meat, with 
which colocynth and quassia had been mixed, but immediately re¬ 
jected them; while, after the glosso-pharyngeus had been divided, 
they swallowed even bitter substances. 

Recent experiments, however, throw doubts upon Panizza’s 
theory. 

If taste really remained after the division of the gustatory nerve, 
it might be due to the palatine branches of the fifth. In experiments 
instituted by Gurlt, Kornfeld, and myself, the sense of taste remained 
quite perceptibly after division of the glosso-pharyngeal nerve. Ex¬ 
periments of this kind are attended with difficulty, and are liable to 
many sources of error. Horses and dogs, if hungry, will eat food 
impregnated with the most bitter matters, even when all their nerves 
are in a state of integrity. It is not from the circumstance of their 
eating or not eating what is bitter, that we can judge of the presence 
or absence of taste, but from the manner in which they eat it,* The 
results of Dr. Alcock’s experiments also, as well as those of Dr. Reid, 
were unfavourable to Panizza’s theory. 

Valentin and Wagner, on the other hand, have adopted Panizza’s 
opinion. In experiments on dogs, Valentint found that when all 
the fibres of the glosso-pharyngeal nerve, its pharyngeal as well as 
its lingual branches, were divided on both sides, the animals showed 
no sign of retaining taste; while division of the lingual branch of the 
fifth nerve deprived the tongue of its common sensibility, leaving the 
sense of taste unimpaired. Valentin also confirms the statement of 
Wagner, [Froriep’s Neiie Notizen,^o. 75, p. 129,) that the parts of 
the tongue and fauces in which taste resides, correspond with the 
distribution of the glosso-pharyngeal nerve; these parts are the pos¬ 
terior part of the tongue as far as a line drawn somewhat in front of 
the foramen caecum, its margin, and the under surface of its tip, the 
soft palate, uvula, and arches of the palate, and the superior part of 
the pharynx. The anterior part of the dorsum of the tongue is very 
rarely endowed with the sense of taste. In further support of the 
opinion that the glosso-pharyngeal is the nerve of taste, Valentin 
refers to the case related by Mr. Noble, in which, one side of the face 
having lost its sensibility, apparently from some disease of the fifth 
nerve, the corresponding side of the tongue had also lost the sense of 
touch, but had preserved that of taste. {Med. Gazette, vol. xv. p. 
120.) A precisely similar case has been more recently observed by 
Dr. Vogt. {MiilleFs Jirchiv. 1840, p. 72.) In other cases, where 
taste has been lost, together with the sensibility of the tongue, and 
where the fifth nerve has been found after death involved in some 
disease, the glosso-pharyngeal having, apparently escaped, there is 
no proof, Valentin remarks, that the part of the central organs from 

* See Kornfeld, De functionibus nervorum linguas experiinenta. Berol. 1836. 

f Repertor. 1837, p. 221; and his more recent work De Functionibus Nervorum 
p. 41, and 116. 
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which the latter nerve arises, has not been the seat of an undisco¬ 
vered lesion. 

The lingual branch of the fifth is likewise a nerve of touch, or 
common sensation; the tongue derives its sense of touch from this 
nerve and from the glosso-pharyngeal. The division of the lingual 
branch of the fifth nerve has been observed both by Magendie, Des¬ 
moulins, and myself to be very painful. It is possible that there are 
special filaments for taste and touch associated in it. The chorda 
tympani, at all events, may be looked upon as destined for common 
sensibility. 

The nervous fibres endowed with the sense of taste may be super- 
added to very different nerves. In birds the nerve of taste is a branch 
of the glosso-pharyngeal, in frogs it is a branch of the vagus. 

M. Magendie [Journ. de Physiol, iv. 302,) asserts tliat he has 
seen nearly all the senses annulled by the division of the trunk of 
the fifth nerve within the cranium. The loss of vision he inferred 
from the animal not noticing the light of a lamp. But rabbits are 
frequently not affected by light, even when the fifth nerve is not 
divided: and M. Magendie himself confesses that, when the light of 
the sun was allowed to break in where lights had been previously 
excluded, the eyelids of the animal closed; and this was seen still 
more distinctly when the light was thrown into the eye through a 
lens. M. Magendie demonstrates by experiment on animals what 
is known too well from the observation of diseases in man, namely, 
that when the optic nerve is paralysed, its function—the perception 
of light—is not performed by the fifth; but he is of opinion that the 
fifth is at least an auxiliary to the optic nerve, and necessary for the 
due performance of the visual function. M. Magendie believes also 
that the fifth is necessary for hearing. 

The circumstance of an animal not being susceptible of other im¬ 
pressions immediately after the division of so large a nerve as the 
fifth, proves nothing more than that it has suffered a serious injury. 
We know, in fact, that the division of large nerves,—for instance, of 
the optic nerve,—gives rise to serious symptoms. According to my 
view, the fifth nerve has no influence either on vision, hearing, or 
smell. In an epileptic patient, in whom there was inflammation of 
the eye and opacity of the cornea on the right side, with loss of 
vision, and subsequently insensibility of the eyelids, nose, and tongue 
on the same side, deafness of the right ear, and a scorbutic state of 
the gums, M. Serres found the portio major of the fifth nerve in a 
diseased state as far back as the pons Varolii, {Magendie\s Journ. 
V. 232;) but here blindness was the consequence of the opacity of the 
cornea. All the other affections of the senses, as well as the convul¬ 
sions of the right side of the body, are accounted for by the diseased 
state of the brain. The inferences which have been drawn from this 
case are moreover shown to be completely groundless by another 
case of disease of the whole trunk of the fifth, in which there was 
insensibility of the entire left side of the head, of the nose, tongue, 
and eye, while vision remained perfect. [MiillePs Jlrchiv. fur 
^dnat. und Physiol. 1834, p. 132.) 
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CHAPTER II. 

OF THE PECULIAR PROPERTIES OF OTHER NERVES. 

Of the Nerves of the Eye. 

We are ignorant as to whether the third, fourth, and sixth nerves 
have sensibility, in addition to their motor power. Desmoulins as¬ 
serts that, when they are stretched or pinched, no pain is produced; 
but it is difficult to determine this with regard to such small nerves, 
particularly after the violence that is necessarily done to the animal 
in laying them bare. 

The third nerve supplies the levator palpebrse muscle, the superior, 
inferior, and internal recti, and the inferior oblique; and from its 
branch to the latter muscle the ciliary or lenticular ganglion derives 
its short root, while the long root of this ganglion is supplied by the 
nasal branch of the fifth nerve, and contains a filament from the 
cavernous plexus of the sympathetic. 

The influence of the third nerve and that of the nasal nerve on 
the iris deserve a special consideration. Desmoulins relates that, 
according to the experiments of Fowler, Reinhold, and Nysten, the 
application of galvanism to the third nerve causes a contraction of 
the iris. The excellent inquiries of Mr. Mayo have shown that the 
motions of the iris are regulated by the third nerve through the me¬ 
dium of the short root of the ciliary ganglion, and that they are in no 
way influenced by the long root of this ganglion derived from the 
nasal branch of tbe fifth. 

The following are the results of his experiments on thirty living 
pigeons, in which birds M. Muck has shown that the ganglion ciliare 
has two roots, one from the third, the other from the fifth nerve. 

1. When the optic nerves are divided in the cranial cavity of a 
living pigeon, the pupils become fully dilated, and do not contract 
on the admission of intense light. Magendie also observed dilatation 
of the pupil, and immobility of the iris, as a consequence of division 
of the optic nerve in dogs and cats; while the pupil became con¬ 
tracted, and the iris immovable, when the same experiment was 
performed on rabbits and guinea-pigs. 

2. When the third nerves are divided in the cranial cavity of a 
living pigeon, the same result ensues; in both these cases the surface 
of the eyeball retains its feeling. 

3. When the fifth nerve has been divided on one side in the cra¬ 
nial cavity of a living pigeon, the iris on that side contracts as usual 
on the admission of light, but the surface of the eyeball appears to 
have lost its feeling (which it derived from the twigs of the ophthalmic 
branch of the fifth). 

4. When the optic nerves are pinched in the cranial cavity of a 
living pigeon, or immediately after its decapitation, the pupils are 
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contracted for an instant on each injury of the nerves. A pheno¬ 
menon observed by Flourens also. 

5. When the third nerves are irritated in the living or dead bird, 
a like result ensues. 

6. When the fifth nerve is similarly irritated in the dead bird, no 
affection of the pupil is observed. 

7. When the optic nerves have been divided within the cranial 
cavity of a pigeon immediately after its decapitation, if the portion 
of the nerves attached to the eyes be pinched, no contraction of the 
pupil ensues: if the portion adhering to the brain be pinched, a like 
contraction of the pupil ensues, as if the optic nerves had not been 
divided. 

8. The previous division of the fifth nerves in the preceding ex¬ 
periment produces no difference in the result. 

9. When the third nerves have been divided in the cranial cavity 
of the living or dead bird, no change in the pupil ensues on irritating 
the entire or divided optic nerves. [Mayo's Jinat, and Physiol. 
Commentaries, 1823, pt. ii. p. 4.) 

From these experiments we may with confidence conclude that the 
motor power of the ciliary ganglion and the ciliary nerve is derived 
from the third nerve, and that the light does not cause the contrac¬ 
tion of the pupil by acting directly upon the ciliary nerves; but that 
the irritation of the retina and optic nerve acts immediately upon the 
brain, and from the brain is reflected upon the third nerve and the 
short motor root of the ciliary ganglion. 

Hence we have voluntary power over the motio'ns of the iris; in 
other words, whenever the third nerve is excited to action by voli¬ 
tion, the iris contracts. Now, in looking at near objects, the axes of 
the eyes are made to converge,—the eyes are turned inwards; and 
hence, when we direct our eyes to near objects, the pupil becomes 
much contracted, but dilates when we look at distant objects. The 
pupil becomes very narrow in birds when we approach them, and 
they become agitated; but the motions of the iris are not really more 
subject to the will in them than in man. 

It is not, however, the branch of the third which goes to the in¬ 
ternal rectus muscle only that has this sympathetic influence over the 
iris; other branches, more especially that which supplies the inferior 
oblique muscle, have the same power. The inferior oblique muscle 
rotates the eye so as to carry the pupil upwards and inwards: if this 
movement is executed voluntarily, the pupil becomes much con¬ 
tracted. The eye takes this position involuntarily when sleep is 
coming on, in sleep itself, in the state of intoxication, and in hysterical 
attacks; hence we find the pupil contracted during sleep. 

The contracted pupil of sleep can, however, be made to contract 
still more, according to the observation of Mr. Hawkins, [Mayo's 
Commentaries, pt. ii. p. 6,) by the admission of intense light. At the 
moment of waking, the pupil, after a few irregular contractions, as¬ 
sumes its usual degree of dilatation. 

The third nerve seems to determine only that movement of the 
iris which produces contraction of the pupil. There are many cir- 

50* 
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cnmstances, however, which render it probable that the dilatation 
also of the pupil is an active state, and Valentin {De functionibus 
Nervorum^ p. 107-113,) labours to prove that it is a muscular move¬ 
ment, regulated by motor fibres of the superior cervical nerves. 

The influence of the third nerve, as well as of the vagus and sym¬ 
pathetic, over the movements of the iris, is occasionally rendered 
manifest by disease in the human subject. A case in the Medical 
Gazette^ for Sept. 1838, p. 16, referred to by Dr. Reid, and another, 
observed by Andral {Clinigen Med. tom. v. p. 135,) and quoted by 
Valentin, illustrates the action of the latter nerves on the iris. The 
association of paralysis of the third nerve, with the absence of power 
in the iris to contract the pupil, was well exemplified in a man re¬ 
cently under the care of Dr. Latham and Dr. Burrows at St. Bartholo¬ 
mew’s Hospital. In this case complete, or nearly complete, paralysis 
of the levator palpebrie, of the obliquus inferior, and of all the recti 
muscles, with the exception of the rectus externus, was accompanied 
by a slightly dilated and perfectly fixed state of the pupil of the same 
eye. The strongest light did not cause the pupil to contract, although 
the retina and optic nerve seemed to be sound. The slight impair¬ 
ment of vision which was observed, was apparently dependent on 
the eye having lost its power of adaptation to distances; for whilst 
the patient could not distinguish well small and near objects, his per¬ 
ception of larger objects, at the distance of a few feet, was as perfect 
with the paralysed as with the sound eye. And since the changes 
in the eye by which it adapts itself to the vision of near objects are 
evidently connected by association with the action of muscles sup¬ 
plied by the third nerve, and with the act of contraction of the pupil, 
the loss of the power of adaptation in the above case was a circum¬ 
stance of interest. It was remarkable that the application of bella¬ 
donna to the eyebrow caused greatly increased dilatation of the 
pupil. 

The facts drawn from comparative anatomy are generally con¬ 
firmatory of the foregoing physiological results. The ciliary nerves 
are constantly supplied from the third nerve and nasal branch of the 
fifth. 

The fifth nerve. 

In the section on the sensitive and motor nerves, we have spoken 
of the sensitive and motor portions of this nerve, and have shown 
that its first and second divisions are, in the human subject, sensitive 
only; that the branches of the third division, which is composed of 
both motor and sensitive portions, are in part motor, in part sensitive. 
This important nerve, to which the anterior and lateral parts of the 
head, and the cephalic tracts of the mucous membranes (the mucous 
membranes of the mouth and nose, and the conjunctiva) owe their 
sensibility, and the muscles of mastication their motor power, com¬ 
municates by each of its principal divisions with the sympathetic 
nerve; and its branches probably receive, through the medium of 
these communications, organic fibres from the sympathetic. 
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The facial nerve, or portio dura of the seventh. 

Although the facial nerve contains a certain proportion of sensi- 
sive fibres, yet it is the principal motor nerve of the face: its sphere 
of action extends to all the muscles of the face, those of the ear, and 
the occipito-frontalis muscle; besides several other muscles, namely, 
the posterior belly of the digastricus, the stylo-hyoideus, and the 
cutaneous muscle of the neck. Hence it is the nerve of expression, 
and also the respiratory muscle of the face, since it is sympathetically 
affected in all violent or laboured respiratory movements. 

The nature of the connection of the facial and lingual branch 
of the fifth nerve in man and Mammalia by means of the chorda 
tympani, is not all understood. 

The glosso-pharyngeal nerve. 

We have already considered the properties of this nerve with re¬ 
ference to motion and common sensation. It supplies the posterior 
part of the dorsum of the tongue, the papillse vallatae, the tonsils, and 
the pharynx. Whether it also supplies fibres for the sense of taste, 
is still matter of doubt. The circumstance that the gustatory nerve 
in birds and some Amphibia is a branch of the glosso-pharyngeal, 
is in favour of such being the case. In the frog, the gustatory nerve 
is a branch of the vagus. We do not know, indeed, how far the 
sense of taste extends. The sensations of disgust or nausea, which 
have their principal seat in the pharynx, are, in a great measure, 
similar to the sensations of taste; and, with regard to these sensations 
of nausea, it is doubtful whether they are seated in the pharyngeal 
branch of the vagus, or in the glosso-pharyngeal nerve. See page 
590, where observations of Valentin and Wagner, tending to prove 
that the glosso-pharyngeal is the true nerve of taste, are mentioned. 

The tympanic branch of the glosso-pharyngeal nerve ought pro¬ 
bably to be regarded as a filament sent from the sympathetic to this 
nerve. 

Nervus vagus. 

This mixed nerve, which acquires its motor influence in a great 
measure probably by its connection with the inner portion of the 
spinal accessory, is constant in its distribution to the organs of voice 
and respiration, and to the pharynx, oesophagus, and stomach. 

On the vagus depend the sensations of hunger and satiety, and all 
the various feelings which accompany respiration in health and dis¬ 
ease, Brachet* has observed, that the sensation of hunger was no 
longer felt after the vagus was divided. In a monster, of which the 
head and thorax were double, and the abdomen single, drink given 
to the one half did not satisfy the thirst of the other, probably on 
account of the stomach being double. 

The vagus nerve contains many organic fibres derived from the 
sympathetic, which attach themselves in part to the trunk of the 

* Recherches surles Functions duSyst, Ganglionaire, p. 179. Paris, 1830. 
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vagus, and in part to its branches. To these superadded organic 
fibres the vagus probably owes its organic chemical influence. 

The chemical process of respiration, and the secretion of mucus 
in the lungs, are probably in part dependent on the influence of this 
nerve; at all events, the division of the vagus in the neck is followed 
by the eflusion of bloody fluid in the lungs; and, although the chemi¬ 
cal process of respiration is at first not essentially disturbed, yet the 
animals die a few days after the operation,—birds live at most but 
five or eight days. [With reference to the cause of death after division 
of the vagi nerves, see page 327.] 

The secretion of the gastric juice also is subject to the organic in¬ 
fluence of the vagus. The division of the vagus in the neck does 
not completely arrest the secretion of the gastric juice, but causes it 
to go on less actively; the effect on digestion is the same; in birds, 
which live longer than Mammalia after the operation, digestion is 
distinctly performed, but much more slowly than before. The cir¬ 
cumstance of the chemical processes in the lungs and stomach not 
being immediately quite arrested, is sufficiently explained by the 
anatomical fact, that the vagus receives organic fibres, not merely at 
the upper part of its trunk, but at its lower part also, having there 
numerous connections with the sympathetic nerve, the influence of 
which cannot be cut off” by the division of the vagus in the neck. 
The secretion of mucus in the respiratory organs appears to be in all 
parts under the influence of the organic fibres superadded to the 
vagus; and therefore it is, probably, that the recurrent nerve, at the 
point where it makes its turn, receives so many large communicating 
filaments from the sympathetic. 

The division of the vagus on both sides does not arrest the ab¬ 
sorption of fluids, or of foreign matters mixed with them, such as 
poisons, &c. from the stomach. The division of the vagus on both 
sides is fatal in very few days; but the division of one vagus nerve 
only is not fatal, nor indeed of both, if sufficient time have elapsed 
before the division of the second for the first to have become entirely 
reunited. 

Nervus accessorius Willisii, 

The relation of this nerve to the vagus, in respect of the motor 
power of the latter, we have already discussed. The sphere of 
action of the spinal accessory in Mammalia,—of that part of it, 
namely, which does not unite with the vagus,—includes the sterno- 
rnastoid and trapezius muscles. The cause of the singular origin 
and course of this nerve is not well known. Perliaps it is that the 
pharyngeal branch given off from the vagus immediately after its 
exit from the skull, may receive fibres from nearly the entire 
cervical portion of the spinal cord. There are other nerves also 
which have an origin of great extent; for example, the ramus 
descendens noni arises from the hypoglossal nerve, and from the 
upper cervical nerves. The only difference between such cases 
and that of the spinal accessory is, that the latter nerve is formed 
within the spinal column, while other nerves do not receive the 
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different fibres composing them until after their escape from the 
spinal cord. 

The hypoglossal or ninth nerve. 

The position of this nerve in the cerebro-spinal system has been 
already determined. It is essentially motor, but has likewise some 
sensitive fibres. In some Mammalia, according to Mayer’s dis¬ 
covery, it has a delicate posterior root with a ganglion. It is the 
motor nerve of the tongue, and of the large muscles of the neck, 
which move the larynx. 

Having thus reviewed the varieties in the origin and distribution 
of the cerebral nerves in different classes of animals, we will now 
inquire how far it is possible to reduce them to a fundamental type. 
The idea which must guide us here is that first announced by Meckel, 
of the division of these nerves into primitive and derivative. The 
primitive are the three nerves of special sense,—the olfactory, optic, 
and acoustic, and the mixed or double-rooted cerebral nerves, which 
are formed after the type of the spinal nerves, and which may be 
termed the cephalo-vertebral nerves. The derivative nerves are 
such as are produced by the separation of a part of the fibres from the 
root of a primitive cerebral nerve, or as may become entirely united 
with the substance of other, cephalo-vertebral, nerves. Meckel has 
not well carried out this idea, which, as a general principle, is correct. 
Arnold has made a better application of it. He admits the existence 
of two vertebral nerves of the head, of which the first is the fifth, with 
the nerves of the muscles of the orbit and the facial nerve, which he 
regards as belonging to the motor portion of the fifth. The second 
vertebral nerve of the head is formed, according to Arnold, by the 
vagus, spinal accessory, glosso-pharyngeal, and hypoglossal.’^ Ac¬ 
cording to my view, there are three vertebral nerves of the head, 
just as there are three cranial vertebra3. The first is the fifth nerve; 
the second, the vagus, with the glosso-pharyngeal and accessory 
nerves; and the third, the hypoglossal. The nerves of the orbital 
muscles, the third, fourth, and sixth, are derivative nerves, and are 
to be regarded as the motor portion of the first division of the fifth. 
In the Cetacea, the first division of the fifth gives branches to the 
muscles of the orbit, the ordinary nerves of these muscles being also 
present. In the frog, the sixth nerve becomes united with the Gas¬ 
serian ganglion: here, therefore, the fifth gives branches to the orbital 
muscles. In the Petromyzon, one of the three muscular nerves of 
the eye—probably the sixth—is wanting; and here, also, the fifth 
gives branches to the muscles of the orbit. The facial nerve is cer¬ 
tainly a derivative nerve, and resembles very much a motor portion 
of the fifth; for, in the osseous fishes, it unites into one cord with this 
nerve, and, as Serres supposed, forms its opercular branch. In the 
frog, also, it associates itself to the fifth. But the facial has an equally 
close relation to the vagus; in man and Mammalia it is connected 


♦ Consult Buechner, Mem. de la Soc. d’Hist. Nat. de Strasb.; and Muller’s 
Archiv. 1837, p. Ixxiv. 
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with branches both of the fifth and of the vagus. In serpents and 
lizards it gives a communicating branch to the vagus. In the frog, 
also, after being connected with the fifth, it becomes united with a 
branch of the vagus,—the jugular branch. The facial nerve in the 
lamprey (Petromyzon) forms, -together with the vagus, the nervus 
lateralis, which in osseous fishes is frequently formed by the fifth and 
the vagus. 

The second vetebral nerve of the head comprehends the vagus, 
glosso-pharyngeus, and nervus accessorius. The vagus is in greater 
part, but not wholly, sensitive [see page 521, et seq.]; the spinal 
accessory, in greater part, but not wholly, motor; the glosso-pharyn- 
geal nerve, equally sensitive and motor. [ ? See page 521.] 

The third vertebral nerve of the cranium is formed by the hypo¬ 
glossal nerve alone. In the myxinoid fishes there is the nearest 
approach to the simple type of the vertebral nerves. The facial is 
in them the only derivative nerve. 


SECTION V. 

OF THE CENTRAL ORGANS OF THE NERVOUS SYSTEM. 

CHAPTER I. 

The central organs of the nervous system considered generally. 

Functions of the central organs of the nervous system .—The 
activity of all the functions of the nerves is determined by the central 
organs, partly under the influence of the mind, and partly independ¬ 
ently of this influence. The central organs form the connecting 
medium between all the nerves, or conductors of nervous influence. 
They act as excitors, or motors of nervous action, in determining the 
motor nerves to the production of contraction in muscles; and in this 
their action may be automatic, or voluntary, as the consequence of 
incitements of the sensoriuin commune seated in them; when auto¬ 
matic, their action may be either constant or intermittent. Moreover, 
the central organs have the power either of reflecting the centripetal 
actions of sensitive nerves upon motor nerves, or of communicating 
them to the sensoriura commune, the seat of consciousness. By the 
central organs, too, the organic actions of the nerves are maintained 
in unimpaired power; by them the nervous principle is constantly 
generated and regenerated; and without them the power and excita¬ 
bility of the nerves as conductors of nervous action cannot be long 
preserved. This is the general definition of the relation in which 
the brain and spinal cord stand to the nerves. The correctness of 
this definition is readily proved by reference to facts already de¬ 
tailed. 

1. The central organs connect all the nerves into one system .— 
To this even the sympathetic nerves do not form an exception; for. 
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as we have shown in the preceding section, they are connected at 
very many points with the central organs by fibres passing from the 
one to the other. The only difference between the cerebro-spinal 
nerves and the organic nerves, in their relation to the central organs, 
is, that the former issue much more directly from them; while the 
organic nerves, although their fibres are in company with the cere¬ 
bro-spinal nerves brought into communication with the brain and 
spinal cord, nevertheless have subordinate central organs in their 
ganglia and plexuses, from which the organic nervous influence 
more immediately emanates; still, however, the action of this organic 
system cannot be long maintained when cut off from its communica¬ 
tion with the brain and spinal cord. 

2. The central organs are the excitors of the motor nerves which 
conduct the motor influence of the nervous principle to the mus¬ 
cles. —This motor influence may be constant, as we see in the case 
of the sphincters, the action of which is put an end to by injuries of 
the central organs; secondly, it may be evidenced in intermittent 
rhythmic movements, such as those of respiration, which are de¬ 
pendent on the medulla oblongata; and, thirdly, this motor influ¬ 
ence may issue voluntarily from the sensorium commune of the cen¬ 
tral organs, this sensorium commune being subject to the spontaneous 
actions of the mind. 

The motor nerves are affected by this motor influence in two 
ways: the nerves of one class act as mere conductors of it. They 
are always, it is true, charged as it were With motive power, and can 
be made to exert a motor action by being merely mechanically irri¬ 
tated; but in the normal state they do not exert this power sponta¬ 
neously, but only when excited by the central organs; these are the 
motor nerves of the cerebro-spinal system. The nerves of the other 
class, which are quite withdrawn from the influence of the senso¬ 
rium commune, as far as regards voluntary actions, are likewise 
capable of being excited to constant or periodical action by the cen¬ 
tral organs; but they present the peculiarity of affording independent 
discharges of nervous influence, although, after a time, communi¬ 
cation with the central organs is found to be necessary for the repro¬ 
duction of their nervous power; such are the sympathetic nerves 
with regard to their motor actions. The parts which are subject to 
the sympathetic nerve, as the heart and intestinal canal, continue to 
contract spontaneously, even when all communication with the cen¬ 
tral organs is cut off; but the force and duration of their contractions 
is entirely dependent on the communication of these nerves with the 
brain and spinal cord. During temporary fatigue, as well as during 
sleep which ensues after the daily action of the nervous system, 
the influence of the central organs on the peripheral parts of the 
system is lowered; but this transitory altered state of the brain and 
spinal cord is not adequate to induce, an essential change in the 
motions of parts subject to the sympathetic system. It is only 
when the state of exhaustion of the central organs becomes more 
enduring, when their integrity is essentially impaired, that the mo¬ 
tions regulated by the sympathetic nerves become paralysed. 
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It must not be imagined that during the state of fatigue of the 
central organs which returns every twenty-four hours, and during 
sleep, the brain and spinal cord become wholly inactive. The state 
of fatigue is certainly general, but the sensorium commune, that 
part of the brain on which the mind acts, is alone reduced to a state 
of especial inaction; the voluntary movements only are wholly ar¬ 
rested during sleep. The action of all other parts of the brain and 
spinal cord is maintained as at other times. This is evident from 
the sphincters continuing to act, and from the persistence of the 
rhythmic movements of respiration, both of which sets of motions 
are dependent on true cerebro-spinal nerves. Certain muscles, 
therefore, although supplied by cerebro-spinal nerves, continue to 
act even during sleep; the sphincters are always closed, and the eye 
is always turned upwards and inwards, and the iris contracted, so 
that the pupil is narrow; the mouth, too, is usually closed during 
sleep. In short, we see that, even in sleep, the whole motor ap¬ 
paratus of the central organs, of the brain as well as of the spinal 
cord, is in an active state, and that merely the voluntary excitation 
of this apparatus is absent owing to inactivity of the sensorium 
commune. We must, therefore, suppose that during sleep the in¬ 
fluence of the central organs upon the sympathetic nerve is inter¬ 
rupted, for otherwise the power of that nerve to maintain certain 
movements would immediately begin to fail, as is distinctly seen to 
be the case in apoplexy, in syncope arising from affection of the 
central organs, and in the experiment of artificially destroying the 
spinal cord. 

3. Impressions conveyed by the sensitive nerves to the central organs 
are either reflected by them upon the origin of the motor nerves, without 
giving rise to true sensations, or are conducted to the sensorium com¬ 
mune, the seat of consciousness .—In the first case, the centripetal 
actions of the sensitive nerves merely excite the motor apparatus of 
the central organs, which has its seat principally in the spinal cord, 
but of which there are also ramifications in the brain; in the second 
case, the sensitive impressions are conducted to a particular part of 
the central organs without exciting reflex movements, and are taken 
cognisance of in the sensorium commune by the mind. Since the 
phenomena of reflection are not dependent on the sensorium com¬ 
mune, but on the motor apparatus of the central organs, and since 
this apparatus continues in activity during sleep, these motions take 
place then as well as in the waking state; as is proved by cough 
from irritation of the trachea, and many other phenomena which 
occur during sleep. 

4. The organic functions of the nerves are maintained in unim¬ 
paired force by the central organs of the nervous system .—In this 
respect the same relation prevails between the sympathetic nerve 
and the central organs as with reference to the motions of parts sub¬ 
ject to the sympathetic. The action of the organic nerves in regu¬ 
lating nutrition and secretion is, in a certain degree, independent. 
The nutrition of the embryo proceeds, even to the full period, 
though the spinal cord and brain be destroyed by disease (see page 
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204). (Consult also Eschricht, Muller’s Archiv. 1834, p. 268.) In 
some cases, indeed, monsters consisting merely of a part of the body, 
—the head or an extremity, for instance,—in which no heart even 
was contained, have, nevertheless, been nourished; the blood, being 
conveyed to it by branches of the umbilical vessels, and propelled 
through it by the heart of another perfect embryo. But, in the 
adult, nutrition often suifers, although not always, in parts para¬ 
lysed from disease of the brain or spinal cord; the paralysed parts 
are more prone to gangrene when injured; and in violent acute 
affections of the central organs, with a depressed state of their func¬ 
tions, gangrene frequently arises spontaneously in individual parts of 
the body. In the later stages of tabes dorsalis, the tissue of the 
penis loses its erectile power, and the generative faculty is lost. 

5. The nervous principle is generated and regenerated in the 
central organs .—This is proved by the experiments instituted by 
myself and Dr. Sticker, which show that the nerves of a limb when 
their communication with the central organs is cut off, although for 
a time they possess motor power, yet, if they do not become reunited 
with their proximal portion, lose, after a few months, all their excita¬ 
bility,—their property of exciting motions when irritated mechani¬ 
cally, or by galvanism; a result from which we must conclude that 
the constant communication of the nerves with the central organs is 
necessary for the maintenance of the nervous power of the former, 
although the central organs still retain their power, when their 
conductors are lost to them. The maintenance of the excitability in 
the nerves does not, however, depend solely on the continuance of 
the influence of the central organs upon them, but also upon their 
own activity. If a nerve remains for a considerable time in an inac¬ 
tive state, it gradually loses its capability of action. There are 
small muscles in the human body over which most persons have no 
power, owing to their not having used them; when the eye is affected 
with blindness, the optic nerve becomes atrophied from the retina to 
the brain. Magendie has observed this atrophy of the nerve ensue 
in birds in a few months after the artificial destruction of vision. 

The separation of animal matter which is endowed with life into 
central organs and other parts dependent on these central organs, is 
an attribute of all animals; but, more than this, the tendency to this 
separation is implanted in the matter of the germ from its origin; and 
it appears that when this tendency comes into operation, the whole 
organisation of the germ commences. We have shown at page 47 
the probability that all animals, even those apparently the most 
simple, have nerves distinct from the parts the action of which is 
dependent on them; and wherever the nervous system is susceptible ^ 
of anatomical examination, we find it in its turn consist of certain 
more important central parts and their conductors, the nerves. In 
the embryo of the higher animals this insulation of parts commences 
even in the germinal membrane; the portion of the animal matter 
which is endowed with the powers of the central organs collects in 
the centre of the membrane, while the parts dependent on the influ¬ 
ence of those central organs are formed around. But a similar sepa- 
51 
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ration and aggregation of parts goes on in this peripheral portion of 
the new being, by which are formed the nerves, the conductors of 
the nervous principle, and the tissues to which they communicate the 
influence of the central organs. 

The formation of the central organs is necessarily attended with 
the formation of the peripheral parts; and, at the same time that the 
nerves are formed in these parts, the tissues, which are vivified by 
their agency, necessarily assume their existence. As soon as this 
separation between central organs and peripheral parts takes place, 
the brain and spinal marrow are virtually present; neither exists 
before this. The formation of the separate regions of the central 
organs is likewise the result of progressive development and sepa¬ 
ration of parts. The separation of the peripheral portion of the 
embryo into nerves and dependent tissues follows the same law; as 
soon as the separation commences, the whole nerve is present, the 
peripheral extremity of the nerve not being first formed, and the 
rest of it progressively towards the central organs, but the whole of 
its extent simultaneously. The opposite view, winch was adopted 
by Serres, [Jinat. Comp, du Cerveau,) is not supported, at least, by 
any facts; the observations which have been adduced in its support, 
have not been found correct by Baer, whose researches on the de¬ 
velopment of the embryo have acquired a classical value. 

In vertebrate animals, the spinal cord has not that great influence 
over spontaneous and voluntary motion which the non-cerebral 
ganglia of the nervous system in invertebrate animals possess. Even 
vertebrate animals, however, after decapitation, execute movements 
which evince a certain degree of harmony and adaptation. Birds flap 
their wings; and frogs, as Volkmann remarks, resume their sitting 
posture. I have not myself, however, observed such spontaneous 
movements of decapitated frogs, except when the head was separated 
close to the occiput. When the section was made lower down on 
the spinal cord, the motions of the frog did not indicate the slightest 
degree of volition. Though birds still flap their wings when their 
spinal cord is divided in the middle of the neck, such actions are 
only grouped muscular motions, which are dependent on the spinal 
cord, and are very different from voluntary movements. 

We are in possession of no facts which prove that the spinal cord, 
when separated from the brain and medulla oblongata, can be the 
seat of true sensation. The reflected motions excited by irritation 
of the surface in decapitated frogs are no proof of this; whenever 
these reflected movements present any degree of adaptation to a 
purpose, it is certain that the spinal cord has been divided at its very 
commencement. 

In all the higher and lower Vertebrata the mass of the spinal cord 
in general corresponds to the magnitude of the body which receives 
nervous influence from it: the spinal cord of a fish is proportionally 
as large as the spinal cord of the human subject, but the brain in¬ 
creases in size in the higher animals in a direct ratio with the develop¬ 
ment of their mental faculties. Although all animals, from the in- 
fusory animalcules upwards, are equally perfect in their organisation 
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in respect to what is necessary to animal life, yet we must admit a 
difference in their degree of perfection in relation to intellectual de¬ 
velopment and the organs of the mental faculties; a difference which 
is evidently displayed in the structure of the brain itself. 

From the foregoing considerations it is clear that a comparison of 
the nerves with the central organs of the nervous system (taken to¬ 
gether), with reference to their size indifferent animals, is not calcu¬ 
lated to afford any physiological inferences. The size of the nerves 
compared with that of the central organs will, it is true, on the whole, 
increase as we descend the scale; but this increase is not great, unless 
the nerves be compared with the brain alone. The spinal cord, 
which, besides being a means of communication between the brain 
and nerves, is a motor apparatus, adapted to the motor powers of the 
body, appears in all animals to correspond by its mass (not by its 
length and breadth, which vary greatly,) to these motor powers, and 
to the nerves which arise from it. The weight of the spinal cord of 
the burbot (Gadus lota), as compared with that of the body of the 
fish, is, according to Cams, as 1 to 481; in the land salamander, the 
spinal cord is to the rest of the body as 1 to 190; in the pigeon, as 1 
to 305; in the rat, as 1 to ISO; in the cat, as 1 to 161. It is true, 
there are in fishes, nerves, such as the fifth and vagus nerves, which 
sometimes actually exceed the spinal cord in diameter. In comparing 
the nerves and spinal cord in different animals, however, we must 
regard the thickness of the nerves, but not the thickness of the spinal 
cord; it is the thickness and length at the same time, or rather the 
entire bulk of the cord, which must be compared with the aggregate 
size of all the nerves issuing from it. Moreover, the size of the cere¬ 
bral nerves, which arise from the prolongations of the spinal cord in 
the brain, cannot, with any good result, be compared with the size of 
the proper spinal cord behind the brain. 

The foregoing general remarks are intended as introductory to a 
more exact inquiry into the functions of the brain and spinal cord 
individually.^ 

♦ The most important works relative to the physiologry of the brain and spinal 
cord are,—Gall et Spnrzheim, Anat. et Physiol, du Systerne Nerveiix. Paris, 1810. 
Tiedemann, Anatomie und Bildnngsofeschichte des Gehirns. Niirnberg, 1816. 4. 
Burdach, Vom Ban und Leben des Gehirns. 1-3. Bd. Leipzic, 1819—26. 4. 
Carus, Versuch einer Darstellung des Nervensystems uiid insbesondere des 
Gehirns. Leipzic, 1814. 4. Desmoulins et Magendie, Anat. des Systemes Ner- 
veux. Paris, 1824, 2 vol. 8vo. Serres, Anat. Comp, du Cerveau. Paris, 1824, 2 
vol. Rolando, Saggio sopra la vera struttura del Cervello e sopra le funzioni del 
Sistema Nervoso. Ed. 3, Tori o, 1828, 3 vol. 8vo. Flourens, Recherches experi- 
mentales, sur les proprietes et les fonctions du Systerne Nerveux. Paris, 1824. 
Treviranus, in Tiedemann’s Zeitschrift, Bd. iv. 
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CHAPTER II. 

OP THE SPINAL CORD. 

The spinal cord is distinguished by its mere anatomical structure 
from the nerves; it is composed of the same delicate fibres as the 
brain; it contains in its interior grey substance, the tranverse section 
of which has the form of a cross, whose arms or cornua are prolonged 
on each side into the anterior and posterior columns. The two kinds 
of grey matter and the substantia cinerea gelatinosa of Rolando 
have been treated of at page 494. But the disposition of the white 
substance also is peculiar. Rachetti and Rolando have observed that 
the white substance is divided into lamellte, which run from without 
inwards, and which can be seen in sections of the spinal cord that 
have been kept for a long time in common salt. Rolando moreover 
maintains that these are the numerous longitudinal parallel folds, into 
which the membrane-likeexpansion of the white substance is thrown, 
and between which thin processes of the pia mater pass from with¬ 
out inwards, while, from within, thin layers of grey substance are 
received between them. In the anterior white commissure between 
the two anterior columns of the cord, the white substance, or “ me¬ 
dullary membrane,” the folds of which form the white substance, 
passes across from one side to the other. This is not the case in the 
posterior furrow. 

In a physiological point of view, the spinal cord so far agrees with 
the nerves that it propagates actions of the nerves, which enter it, to 
the brain, just as the cerebral nerves communicate impressions made 
on them immediately to the sensorium commune; and that it com¬ 
municates the influence of the brain to the nerves arising from it, 
which thus receive, through the medium of it, the cerebral influence, 
just as if they arose from the brain itself; in other respects, however, 
the spinal cord differs essentially from the nerves in possessing pro¬ 
perties which belong to it as part of the central organs, and do not 
reside in the nerves. We shall consider it more minutely, first, as a 
conductor, and then as a part of the central organs, 

1. The spinal cord as conductor of the nervous principle, or of its oscil¬ 
lations .—All the cerebral nerves are immediately subject to the in¬ 
fluence of the brain, and all the spinal nerves are subjected to the 
same influence, through the medium of the spinal cord. As soon as 
the transmission of this influence is interrupted, impressions on sen¬ 
sitive nerves cease to be propagated to the sensorium, and the brain 
loses the power of voluntarily exciting the motor action of the nerves 
which are withdrawn from its influence. 

The causes which interrupt the communication of the brain and 
spinal cord with the nerves are pressure upon the nerves, destruction 
or division of them, and paralysis of their motor power by substances 
soluble in the fluids of the body, as in cases of poisoning by lead. 
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When these causes act on a nerve, all its branches which are given 
off below the affected spot cease to be voluntarily excited to motor 
action, and the muscles which these branches supply are paralysed 
with regard to voluntary motion; the action of external stimuli, too, 
on the same parts produces no sensation. 

Those branches, on the contrary, which come off from the nerve 
above the point of injury, are still subject to the influence of the 
brain and of volition, and when irritated give rise to sensation; the 
primitive fibres which compose them being still in unimpaired con¬ 
nection with the brain. 

The parts of a nerve below the injured point preserve, however, 
their motor power for a certain time; it is merely the influence of the 
brain upon them that is lost. Hence, when a nerve which is paralysed 
as to voluntary motion, from being withdrawn from the influence of 
the brain, or cutoff from its connection with that organ, is pricked or 
pinched,—when heat, or a caustic substance, or electricity or gal¬ 
vanism, is applied to it,—no sensation is excited, it is true; but the 
muscles to which the nerve sends branches are excited to contraction. 
The nerve does not lose this excitability until it has been several 
months cut off from intercourse with the brain and spinal cord. 

In man and the higher animals the spinal cord stands in the same 
relation as all the cerebral nerves to the brain; it is to be regarded 
as the common trunk of the nerves of the body, although it is, besides 
this, distinguished from them by special properties. 

Let us compare with this statement the consequences of injuries 
to the spinal cord. Lesion of the lowest portion of the spinal cord 
induces paralysis of the inferior extremities of the rectum and blad¬ 
der; if the lesion is situated at a higher point of the cord, the abdomi¬ 
nal muscles are paralysed in addition; if at a still higher point, the 
thoracic muscles also: lesion of the spinal cord in the cervical region, 
but below the origin of the fourth cervical nerve, paralyses all the 
parts before mentioned, and the arms likewise, but not the diaphragm; 
for the phrenic nerve arises from the fourth cervical nerve: injury to 
the medulla oblongata paralyses the whole trunk. When the lesion 
of the cord extends progressively from below upwards, the paralysis 
of the body extends in the same manner from the lower to the upper 
parts, as we observe in tabes dorsalis. Thus, in the paralytic effects 
of lesions, the spinal cord presents every resemblance to a common 
trunk of the nerves of the body. Moreover, if we irritate the upper 
part of the spinal cord mechanically, or by galvanism, all the muscles 
of the trunk are thrown into contraction, just as the muscles which 
receive branches from a particular nerve are made to contract by 
irritating the stem of the nerve. Again, if we divide a nerve, the 
portion cut off from communication with the brain still retains the 
faculty of exciting, when irritated, contractions in the muscles to 
which it is distributed; and, in the same way, if we divide the spinal 
cord in an animal, the part withdrawn from the influence of the brain 
will, when irritated, still excite to action the nerves which arise from 
it, and thus cause the muscles to contract. 

But the spinal cord does not merely represent in the brain all the 

51* 
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nerves of the trunk in the aggregate, but also all the individual 
primitive fibres of these nerves singly; for alfection of certain parts 
of the spinal cord interrupts the transmission of nervous influence to 
certain muscles of the trunk only, and lesion of certain parts of the 
brain paralyses only certain parts of the body. A cause of paralysis 
affecting only one side of the brain and spinal cord gives rise to 
paralysis of one side of the trunk only; and the less extensive the 
lesion,—the less it embraces of the columns of the spinal cord,—the 
smaller is the number of parts which are deprived of the influence 
of the brain. If, moreover, we consider that it is the action of the 
brain which regulates the number of muscles that are called into 
action in every voluntary motion, it will appear as a necessary in¬ 
ference that the primitive fibres in the spinal cord do not unite with 
each other, but continue their separate course as in the nerves, so as 
to communicate isolated sensations to the brain, and to transmit from 
the brain the stimulus for isolated motions; for, if the nervous fibres 
coalesced in the spinal cord, neither a local isolated sensation nor an 
isolated contraction of separate muscles would be possible. Irritation 
of certain parts of the brain and spinal cord gives rise also to muscu¬ 
lar spasms^ or to sensations in isolated parts of the trunk. 

The primitive fibres, as they issue from the spinal cord, are not 
already arranged into separate nerves; but the nerves are formed by 
the radicle fibres being collected into fasciculi. The anterior and 
posterior roots of the nerves are, it is well known, inserted into the 
anterior and posterior columns, at a little distance on each side of the 
middle line. The fasciculi which form the roots of the nerves of the 
cauda equina are inserted close to each other in an uninterrupted 
series; the radicle fasciculi of the rest of the nerves pierce the pia 
mater at a little distance from each other. But, when they are 
traced still deeper, the fibres are found to spread out still more, and 
to form a tolerably continuous line of insertion, the root of each spinal 
nerve being formed by the union of a certain number of the radicle 
fasciculi. We may, therefore, regard the spinal cord as a trunk 
formed of nervous fibres, which sends out, anteriorly and posteriorly, 
in uninterrupted series, many millions of primitive fibres of motor 
and sensitive endowment to all parts of the body; these fibres being 
between their origin and their peripheral termination collected into 
numerous large and small fasciculi by means of cellular sheaths. 

With respect to the relation which exists between the nerves and 
spinal cord, comparative anatomy affords us no information. The 
proportional length of the spinal cord varies very much. 

The discovery that the anterior roots of the spinal nerves are motor, 
and the posterior sensitive, (see page 515,) has thrown great light on 
the different kinds of paralysis. We know that in some cases the 
sensibility of a limb, or of one whole side of the body, or of the lower 
half, is lost, the power of motion remaining unimpaired; that in other 
cases the sensibility is perfect, and the power of motion only lost; 
and again, that in a third order of cases the paralysed parts are de¬ 
prived both of motion and sensation. Now we are naturally led to 
inquire whether the same difference as to motor and sensitive power, 
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which distinguishes the roots of the nerves, prevails also in the spinal 
cord; do the motor and sensitive fibres run separately in the spinal 
cord to the brain? The differences in the various cases of paralysis 
seem to show that such is the case; for the remarkable pathological 
facts above mentioned cannot otherwise be explained. But it is 
another matter to determine which are the motor, and which the sen¬ 
sitive, parts of the spinal cord. It may be supposed that the anterior 
columns from which the motor roots arise are themselves motor, and 
the posterior columns from which the sensitive roots arise merely 
sensitive, throughout the whole length of the spinal cord; or it may 
be questioned whether the white substance of the cord be not en¬ 
dowed with the one function, the grey substance with the other. In 
favour of the first supposition, which is that adopted both by Sir C. 
Bell and M. Magendie, no satisfactory proofs have been adduced 
either from experiment or disease. It is impossible to determine it 
by experiment; for, in applying the knife to the posterior columns, 
the experimenter necessarily subjects the anterior columns to pres¬ 
sure. The anterior and posterior columns cannot indeed be shown to 
be anatomically distinct.* 

There seems, unfortunately, to be no possibility of determining by 
experiment the share which the white and grey substances of the 
cord have respectively in the functions of motion and sensation, and 
even experiments on the anterior and posterior columns are rendered 
inconclusive by the circumstance of the spinal cord having the power 
of reflecting upon its motor apparatus impressions primarily made on 
its sensitive or centripetal fibres. Even supposing, for example, 
that the anterior columns were solely motor, and the posterior sensi¬ 
tive, an injury to the posterior columns would nevertheless be very 
likely to excite muscular contractions by virtue of its secondary in¬ 
fluence on the anterior columns; all severe lesions of the cord throw¬ 
ing it into the peculiar state in which any irritation propagated to it 
by a sensitive nerve is reflected upon motor nerves. (See page 551.) 

The fibres of the spinal cord pass through the medulla oblongata 
to reach the sensoriutn commune. All the primitive fibres of the 
nerves terminate in the brain; those of the cerebral nerves imme¬ 
diately, those of the spinal nerves through the medium of the spinal 
cord. The brain (we do not here inquire into the properties of its 
different parts) receives the impressions of all the sensitive fibres of 
the body, becomes conscious of them, and recognises the seat of the 
impression according as different primitive fibres are affected; the 
brain also, on the other hand, excites the motor power of all the 
motor fibres, and of the spinal cord, giving rise thus to the voluntary 
motions. In this action of the brain we can but admire the infinitely 
complicated and delicate mechanism, though the powers by which it 
acts are wholly unknown to us. And different as the two organs 
are in other respects, we cannot avoid recognising in the action of 
the brain, when it calls into activity a certain number among the 

* I gave this as my opinion in my memoir on the roots of the nerves in the 
Annal. des Scienc. Nat. 1831. 
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infinitely numerous primitive nervous fibres, a similarity to the play 
of a many-stringed instrument, the strings of which vibrate when the 
keys are touched. The mind is the performer or excitor; the primi¬ 
tive fibres of all the nerves which spread out in the brain are the 
strings; and their cerebral extremities, the keys. Niemeyer supposes 
voluntary motions to result from the tension of the antagonistic mus¬ 
cles being arrested. 

The spinal cord resembles the nerves again in the sensations pro¬ 
duced by any affection of it being referred to the extreme parts. 
Pressure on a nerve gives rise to the sensation of creeping in the 
skin; pressure also on the spinal cord causes the same sensation to 
be felt in all the parts which receive their nerves'from it below the 
seat of the lesion. Division of nerves, or tumours of them, cause 
severe pain to be felt in all the parts to which the nerve is distri¬ 
buted; in the same way inflammatory and other affections of the 
spinal cord are often attended with severe pains in the extreme parts 
of the body. Even when there is perfect insensibility to external 
stimuli, lesions of the spinal cord may still excite sensations which 
are referred to the peripheral parts. Thus, in cases where the lower 
extremities are completely deprived of motion and sensibility, the 
sensation of creeping may still be felt in them. (See OUivier, De la 
Moelle Epinihre, et de ses maladies. Paris, 1823.) The sensations 
in these paralysed parts may indeed amount to severe pain, as in the 
axiom already mentioned (page 539). The sensation of creeping 
of ants over the surface is, however, the most frequent symptom in 
affections of the spinal cord, and is indeed scarcely ever absent. It is 
analogous to the tinnitus aurium seated in the auditory nerve, and to 
the muscae volitantes and other morbid phenomena of vision; and, 
since the motion of the blood in the retina of the healthy subject 
gives rise to the appearance of points flying about whichever way the 
eye is directed, this feeling of creeping of insects or of the running of 
points over the surface is probably the effect of the motion of the 
blood in the capillary vessels of the diseased part of the spinal cord. 
In some instances, in place of the creeping sensation, there has been 
an incessant itching of the legs, which could not lae removed by 
scratching. (Ibid.) The aura epileptica is another similar symptom 
of affection of the spinal cord. 

Since the true seat of sensation is not in the nerves, nor in the 
spinal cord, the necessary currents or oscillations of the nervous prin¬ 
ciple being merely transmitted by them to the sensorium commune, 
where the sensation is really perceived, it is easy to conceive why 
the same sensation should arise from irritation of the fibres of the 
spinal cord, or of the nerves, at very different points of their length; 
for each nervous fibre, however long, can act on the sensorium by 
its cerebral extremity only, at however many different points of its 
length it may be irritated. The same apparent contradiction, how¬ 
ever, is met with here in the case of the spinal cord as in that of the 
nerves, namely, that pain is not merely felt in all the parts which re¬ 
ceive nerves from below the seat of the lesion, but that the injured 
or diseased part itself is painful. There are many cases of pain 
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about the spine which are not instances of this; diseases of the spinal 
column itself, namely, and of the membranes of the cord, are neces¬ 
sarily attended with pain, while they may by producing pressure on 
the spinal cord give rise to the usual symptoms in the extremities. 
But there are instances of pain really affecting the spinal cord itself,— 
rachialgia. The sensations of rigour and cold trickling down the 
back must also be seated in the spinal cord. We are at present igno¬ 
rant why sensations should at one time be felt in the peripheral parts, 
and at another in the spinal cord itself. 

We have hitherto considered merely the points of similarity be¬ 
tween the nerves and the cord, regarding the latter as a conductor of 
the spinal nerves to and from the brain; we will now inquire into 
those properties of the spinal cord which distinguish it from the 
nerves, and which it enjoys as a part of the central organs. 

2. The spinal cord, as a part of the central organs of the ner¬ 
vous system .—The anatomy of the spinal cord is alone sufficient to 
show that it is not merely a conductor of the nerves to the brain; if 
it were such, it would, like any other nervous trunk, consist at its 
upper part merely of the aggregate of the nerves which it gives off 
at the different points of its length, and it would diminish gradually 
in size from above downwards in proportion as the nerves leave it, 
and form a regularly tapering and pointed cone. But although, on 
the whole, it does not become smaller from above downwards, yet, 
at its extremity, where it gives off the last nerves, it is of greater 
bulk than would be formed by the fibres of those nerves: moreover, 
it presents enlargements opposite the origin of the nerves of the 
extremities, and in fishes it forms at its lower end a club-shaped en¬ 
largement pointed below. Further, the spinal cord is formed, like 
the brain, of two distinct substances. 

But the properties and functions also which distinguish the spinal 
cord from the nerves can be distinctly indicated. 

a. The spinal cord has the property of reflecting sensorial irrita¬ 
tions of its sensitive nerves upon the motor nerves. This property, 
by virtue of which a sensitive impression gives rise to motions, 
although there is no communication between the primitive fibres of 
the two kinds of nerves, has been treated of in the Chapter on Re¬ 
flected Motions. 

h. The spinal cord has the property of reflecting the action of 
sensitive nerves upon motor nerves, without itself perceiving the 
sensation. We have already shown, in the chapter on reflected 
movements, that the action of the sensitive nerve is most prone to 
be reflected on the motor nerves which arise near the same part of 
the spinal cord; and we cannot be surprised, therefore, that irritation 
of the skin of the foot excites retraction of the foot; irritation of the 
skin of the arm, retraction of the arm. An equally involuntary 
action of the irritated parts is excited in our own persons by a severe 
burn, and by irritation of the mucous membrane of the pharynx, 
larynx, and trachea. The retraction of the extremities in a decapi¬ 
tated frog, when the skin is irritated, is, therefore, quite as independ¬ 
ent of consciousness and volition, as the general tetanic spasm excited 
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by touching the skin in a decapitated salamander or in a frog poi¬ 
soned with a narcotic substance. Moreover, reflected motions are 
excited during life in the human body, quite independently of con¬ 
sciousness. In the movements of the muscles of the trunk which 
attend vomiting, and which are excited by a morbid state of the 
stomach, intestine, kidney, liver, or uterus, the irritation in these 
different organs is very frequently, and generally indeed, not felt; 
that is to say, the centripetal excitement of the sensitive nerves, 
which is propagated to the spinal cord and medulla oblongata, does 
not act on the sensorium commune. And thus we see distinctly that' 
the reffex action of the spinal cord is not necessarily attended with 
sensation or perception of the sensitive impressions, and that the 
arguments adduced from the reflected actions for the existence of 
consciousness in the spinal cord are unfounded. The head, also, 
when separated from the trunk, may exhibit the phenomena of re¬ 
flected motion, although it is not in the slightest degree probable 
that the head of a man, or one of the higher animals, is, when sepa¬ 
rated from the trunk, capable of conscious perception.* The loss of 
blood accompanying decapitation, independent of the other effects,— 
such as the division of the upper part of the medulla,~is greater 
than any which usually deprives the human subject of consciousness. 
The contraction of the muscles of the face, when the stump of the 
spinal cord in the head of a decapitated criminal is irritated, is no 
more than must necessarily occur. 

c. The spinal cord is a motor apparatus which, even when sepa¬ 
rated from the brain, and without any external stimulus, can excite 
automatic movements. The nerves, at all events those of the cere- 
bro-spinal system, have not this power, although the motor action of 
the sympathetic system in this respect resembles that of the spinal 
cord. 

d. The spinal cord, although capable of exciting the motor nerves 
to automatic actions, nevertheless, in the healthy state, leaves a great 
part of the motor nerves, those supplying the muscles of locomotion 
more especially, in a quiescent state; while on many others it exerts 
a constant motor influence; maintaining thus constant involuntary 
contractions, which are arrested only by the spinal cord becoming 
paralysed. 

e. The spinal cord has a great tendency to propagate a particular 
state of one part of itself to other parts; in this property it differs 
entirely from the nerves. A nerve does not so readily communicate 
a change in its state, such as is produced by galvanism, to the whole 
spinal cord, provided the cord itself be not irritated. 

f. The spinal cord, when in a state of great irritation, whether this 
arises from inflammation, from violent irritation of nerves (as in 
traumatic tetanus), or from the action of narcotic poisons, emits a 
constant motor excitement to all the voluntary muscles. 

g. When animals are poisoned with narcotic substances which 

* See the account of Bischoff’s experiments on a decapitated criminal in Mul¬ 
ler’s Archiv. 1838, p. 496. 
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give rise to convulsions, the spinal cord, and not the nerves, is the 
source of the motor influence that excites the movements. If the 
nerves of an extremity be divided before the nux vomica or strych¬ 
nine is introduced into the system, no cramps are produced in that 
part. If, before or after the animal is poisoned, the spinal cord be 
cut across, the cramps nevertheless take place in the parts supplied 
by the lower half of the cord. 

h. The force of our voluntary movements is also dependent on 
the motor tension of the spinal cord. The intensity of our muscular 
efforts is in a great measure dependent on it. The greater part of 
the motor nerves are, it is true, excited to action, not by the spinal 
cord, but only by the influence of the will, and when this is not in 
operation they are left in a quiescent state; but nevertheless the force 
and duration of the motor actions excited in these nerves by the sen- 
sorium commune are determined by the spinal cord. 

i. The spinal cord is the source of the sexual power; the exercise 
of the sexual function depends on it. The spinal cord is incontesta¬ 
bly the part of the nervous system most affected in the act of coitus; 
this is evident from the energetic reflected motions excited by the 
irritation of the sensitive nerves of the penis, the contractions of the 
vesiculae seminales and perinseal muscles. The state of exhausted 
muscular power which follows the act must have its source in the 
spinal cord. The degree of tension of the nervous power of the cord 
which is necessary for the sexual appetite is only gradually regained, 
and then ensues that state in which erection of the penis is excited 
every time that the mind is directed to objects relating to the sexes; 
the impression on the sensorium causing such a discharge, as it were, 
of force accummulated in the spinal cord as gives rise by the organic 
nervous influence to the accumulation of blood in the penis. The i 
sexual potency is also lost in diseases of the i^pinal cord. 

k. The influence exerted by this organ upon the organic chemical 
processes of the capillaries, through the medium of the organic nerves, 
is evinced not only by the altered state of the cutaneous secretion in 
syncope, but still more clearly by the condition of the skin in men in 
whom the spinal cord has become affected in consequence of sexual 
excess. In these cases there is not merely general loss of power, but 
also diminished turgescence of the skin, diminished perspiration, 
dryness of the skin, and defective generation of heat; the feet, hands, 
and genitals are cold. 

l. The spinal cord is also the subject of a morbid impression in all 
febrile affections; and the peculiar alteration of the sensations and 
motions, and of the organic processes, the secretions and generation 
of heat, in fever can only be accounted for by the influence of such 
an organ as that which we have been considering in this chapter. 
Since affections of the cerebro-spinal nerves do not usually give rise 
to fever, but rather to other affections of the nervous system, and 
since fever is most frequently excited by altered action of the capillary 
vessels in some part of the body,—whether such as attends affections 
of the mucous membranes, or inflammation of some organ,—it is 
not very improbable that such an impression as would be produced 
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by severe lesion of the organic nerves in anj" part of the body (whe¬ 
ther from inflammation or other cause of irritation), is in fever pro¬ 
pagated to the spinal cord, and thence reflected upon all the nerves 
of the body. 

With regard to the organic actions of the spinal cord as compared 
with the brain, it has been shown by the experiments of Flourens, 
which Hertwig* has confirmed, that a bird will continue to be nou¬ 
rished for a considerable time—will not become emaciated, after the 
cerebral hemispheres have been removed, if food be forced into its 
mouth. 


CHAPTER III. 

OF THE BRAIN. 

I. Comparative anatomy of the brain of vertebrate animals. 

In no part of physiology can we derive greater aid from compara¬ 
tive anatomy than in the physiology of the brain. Corresponding 
with the development of the intellectual faculties in the different 
clases, we meet with very great differences in the form of the brain, 
which are highly important in aiding us to determine the functions 
of the different parts of the organ. A knowledge of the compara¬ 
tive anatomy of the brain is also indispensable in the performance 
of experiments on animals, with a view to ascertain the properties 
of its izidividual parts. I have on these accounts thought it necessary 
to preface the inquiry into the physiology of the organ by a review 
of its different forms ki the vertebrate classes. 

A superficial comparison of the brain of the human subject with 
that of the higher animals is sufficient to enable us to recognise one 
important difference: it is, that the cerebral hemispheres, which in 
man overlap posteriorly not merely the corpora quadrigemina, but 
even the cerebellum, diminish more and more in their extent in that 
direction as we descend the scale, so as to leave those parts unco¬ 
vered. In Rodentia the cerebellum is already half exposed; in birds 
the corpora quadrigemina have come to view; and they are more 
completely bare in reptiles. In proportion as the cerebral hemis¬ 
pheres diminish in size, the corpora quadrigemina or optic lobes 
enlarge; and although in reptiles they are still considerably smaller 
than the cerebral lobes, in fishes the relative size of the parts is so 
altered that it is difficult to determine what each represents. The 
brain of fishes consists merely of a series of double and single en¬ 
largements. The most posterior is single, and lies upon the medulla 
oblongata, covering the fourth ventricle; it is the cerebellum. In 
front of this are two bodies, frequently the largest of all, and hollow 

* Experimenta qusedara de effectibus lesionum in partibus Encephali. Berol. 

1826. 
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in their interior; the optic nerves arise in greater part from them. More 
anteriorly are two solid bodies connected together in the middle line; 
and frequently in front of these, at the origin of the olfactory nerves, are 
two other enlargements not united together. 

The foetal brain of the higher vertebrata, and that only, resembles in 
some measure the brain of the lower vertebrate animals; for in it the 
hemispheres are small, and do not overlap either the cerebellum or the 
corpora quadrigemina, and at a very early period the latter bodies are 
not smaller than the cerebral lobes. At this time the brain of the 
higher animals presents a series of enlargements, like that of fishes. 
The cerebellum forms a single lobe, posteriorly, in the middle line; irl 
front of it are the large vesicular corpora quadrigemina, not yet divided 
into an anterior and a posterior pair of elevations, the cavity in their 
anterior being the ventriculus Sylvii, which afterwards is reduced to 
the aquaeductus Sylvii; and, lastly, we meet with the cerebral hemis¬ 
pheres, with the olfactory lobes at their anterior extremity in Mam¬ 
malia. 

II. Of the Powers of the Brain^ and the Mental Faculties^ generally. 

The brain undergoes a gradual increase of size from fishes up to man, 
in a ratio to the development of the intellectual faculties. Its pro¬ 
portion to the mass of the whole body is stated by Cams {Anat. 
Compar^e, t. 1.) to be,— 
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The maximum weight of a horse’s brain is, according to Soemmering, 
1 lb. 7 oz.; the minimum of an adult human brain, 2 lb. 5h oz.; and 
nevertheless the nerves at the base of the brain are ten times thicker 
in the horse than in the human subject. The brain of a whale 75 
feet in length, which is in the Museum at Berlin, weighed 51b. 5 oz. 
1 dr. The weight of the human brain is, according to Soemmering, 
from 2 lb. oz. to 3 lb. 1 oz. 7 dr. When now we recollect that the 

spinal cord diminishes from Mammalia downwards in a far less 
degree, the inference appears manifest, that the development of the 
intellectual faculties in the animal scale is dependent, not on the size 
of the medulla spinalis, but on that of the brain. The considerable 
variations in its proportional size in one and the same class show also 
that the size of the brain, as a whole, is not regulated by the mass of 
the body over which it presides, but that the motor apparatus propor¬ 
tioned to the mass of the muscles of the body is to be sought in the spinal 
cord. All parts of the encephalon, however, do not keep pace equally 
52 
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with the development of the intellectual powers. It is in the cerebral 
hemispheres that the increase of size in the higher animals chiefly takes 
place. The cerebellum, also, becomes proportionally larger in animals 
higher in the scale,but in a far less marked degree. The corpora quadrige- 
mina are actuall}?- smaller in proportion to the rest of the body; and the 
medulla oblongata, and its prolongations in the brain, are not propor¬ 
tionally larger in man than in any other animal. The nervous fibres 
from the whole trunk must in all animals equally pass through the me¬ 
dulla oblongata to reach the brain. Hence we perceive that the ence¬ 
phalon necessarily contains parts which have, in all animals, the same 
functions and vital importance; thus injury of the medulla oblongata is 
equally fatal to all; while injury to the cerebral hemispheres gives rise 
to a much slighter disturbance of the vital functions in reptiles than in 
animals endowed with higher mental powers. 

We will not, however, at present enter into a consideration of the 
functions of the individual parts of the brain, independently of the intel¬ 
lectual faculties; but will first inquire into the relation which exists 
between the mind and the brain generally. Comparative anatomy alone 
suffices to show us that the source of the mental faculties must be sought 
in the brain; and experiments on animals, as well as the history of le¬ 
sions of the brain in comparison with those of other organs, confirm this 
suggestion. We have now, in the first place, to prove that the mental 
functions are performed in no other parts of the nervous system, or of 
the body generally, but in the brain alone. 

With regard to the nerves, we learn, from the effects of lesions, that, 
when cut off from communication with the brain, they are withdrawn 
from the influence of the will, and impressions on them are no longer 
perceived; and in this respect the spinal cord resembles them. On the 
other hand, the upper portion of a divided nerve, and the part of the 
spinal cord above the seat of the lesion, are still subject to the influence 
of the will, and the mind is rendered conscious of impressions made 
upon them. Thus, the organ of the mind loses none of its powers by 
this division of the nerves and spinal cord; merely the number of the 
parts to which its influence extends is diminished, just as by the ampu¬ 
tation of his limbs a man loses none of his intellectual faculties. 

Still less than the spinal cord can any other part of the body be the 
seat of the mental faculties. Limbs may be amputated, or viscera 
affected with gangrene, and the mind still may be clear, as long as life 
continues. 

The effects of lesions of the brain are very different; every cause 
which disturbs its action slowly or suddenly affects at the same time 
the mind. Inflammation of the brain is never unattended with delirium, 
and at a later period with stupor; pressure on the cerebrum, whether 
produced by depressed bone, foreign bodies, serum, blood, or pus, 
always gives rise to delirium or stupor, according as there is or is not 
irritation with the pressure. The same causes, according to the seat of 
their action, frequently abolish the power of voluntary motion, or 
memory: and when the pressure is removed, the memory frequently 
returns; and it has been observed that the chain of thought was im¬ 
mediately resumed at the point where it was interrupted by the injury. 
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Lesion of the cerebral hemispheres in animals gives rise to stupor and 
loss of memory; and in most lunatics considerable structural changes 
have taken place in the brain, although in other cases, particularly when 
the affection is inherited, the changes that have affected the microscopic 
fibrous texture cannot be recognised with our imperfect means of in¬ 
vestigation and defective knowledge. It has been said, as an objection 
to the brain being regarded as the seat of the mind, that very consider¬ 
able disease has been found affecting an entire hemisphere without the 
mental faculties having suffered: experiments on animals show, how¬ 
ever, that even sudden lesion of one hemisphere only does not imme¬ 
diately produce complete stupor; that this effect does not follow until 
both are removed; so that it would appear as if one hemisphere could 
aid the other, and even compensate for its inaction in the operations of 
the mind. Many distinguished writers, for example Bichat and Nasse, 
although they admit that the brain is the seat of the higher intellectual 
faculties, stilUmaintain that other organs also, as the abdominal and 
thoracic viscera, have a certain connection with the mental functions, 
and incline to the belief that the source of the passions may possibly be 
in those organs. They formed their opinion partly on the circumstance 
of the viscera of the chest and abdomen being affected during the preva¬ 
lence of passions of the mind, and partly on their being frequently dis¬ 
eased in cases of insanity. The intestinal canal, liver, spleen, lungs, and 
heart are certainly frequently the seat of disease in lunatics, and occa¬ 
sionally even when no palpable change can be detected in the brain 
itself: and here the diseases of the abdominal or thoracic viscera may 
have been the exciting cause of the mental affection, but only in the 
same way as other causes might excite it by the impression communi¬ 
cated to the brain; there being in it some pre-existing disposition to 
morbid action, either hereditary or acquired. Hence in these patients, 
by removing the morbid change in the other viscera which liave in¬ 
fluenced the brain, the disposition in the latter organ to abnormal action 
may be reduced again to a latent state. 

The relation in which the viscera stand to the mental emotions is, it 
must be confessed, still involved in much obscurity, (a) The passions, 
by means of the change which takes place in the brain, affect the whole 
nervous system. The exciting passions give rise to spasmodic actions 
of certain muscles, particularly those of which the nerves belong to the 
respiratory system (including the facial nerve); hence the crying, sigh¬ 
ing, sobbing, &c. with the spasmodic distortion of the features. In the 
depressing passions, as apprehension and terror, all the muscles of the 
body lose their tone, the supply of motor influence from the brain and 
spinal cord being arrested; the feet are not able to bear the body, the 
features' hang motionless and without expression, and the loss of power 
may be so great as to cause momentary paralysis of the whole body, 
particularly of the sphincters. The motions of the heart are affected by 
both the exciting and depressing passions. The sensations of many 
parts are altered. The secretions, as those of the lachrymal gland and 

(a) Positive knowledge and much suggestive matter on this subject will be found 
in Broussais’s Physiology. (See Translation, 3d edit.—By Drs. Bell and La 
Roche.) 
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skin, are affected; the bile is not properly excreted, and permeates the 
coats of the blood-vessels so as to produce jaundice; the urine, lastly, 
becomes watery. The action of the capillaries is modified; hence the 
skin becomes red, or, in other cases, pallid. In short, the passions in¬ 
fluence first the nerves engaged in the respiratory function; then, 
through the medium of the spinal cord, all the nerves of the trunk and 
extremities, as well those of animal life as the organic nerves. But I 
am not acquainted with a single fact which proves that, in a healthy 
person, a particular passion affects one organ more than another. It is 
usual to say that the heart is affected by joy, sorrow, and anxiety; but 
does not every exciting or depressing emotion alter its action? Does 
not the heart stand in the same relation to the mental emotions as the 
lachrymal organs, which are affected by every emotion of the mind 
when it reaches a certain intensity? It is an old notion that the liver 
has a special relation to the passions of rage and vexation. Jaundice, 
with pain in the right side, or even inflammation of the liver, has cer¬ 
tainly followed a paroxysm of these passions; but only in persons 
already suffering from affection of the liver, or having disposition to 
hepatic disease. Other persons, on the contrary, as a consequence of 
such emotions, have disturbance of the functions of the stomach; others 
again, an affection of the heart merely, this being in them the organ of 
which the action is most easily disturbed; and so it is with all the pas¬ 
sions of the mind. In short, it is evident that the effects of the passions 
upon the different organs subject to the influence of the brain, in no 
way confirm the hypothesis of the passions or certain mental faculties 
having their seat in any other organ than the brain. 

Although, however, we are satisfied, upon grounds derived partly 
from comparative anatomy, and partly from physiology and pathologj'-, 
that the seat of the mental operations is the brain and no other part,— 
that the nerves excite those operations and are the instruments for 
executing what the mind directs,—and that all the other parts of the 
body are subject to the influence of the nerves, still this amounts to 
nothing more than that the brain by its organisation is the instrument 
by which the mind operates and is active: we do not assert that the 
“mental principle’^ has its seat in the brain alone. It is possible for the 
mind to act and receive impressions, by means of one organ of a deter¬ 
minate structure, and yet be present generally throughout the body. 

The facts which we are about to mention prove conclusively that 
the mind, although its only seat of action is the brain, is itself, never¬ 
theless, not confined to it. Two facts are sufficient. The one is, that 
animals low in the scale, as Planaria, Polypi, and Annelida, are divisi¬ 
ble; and that Polypi and Annelida—for instance, the nai'des and ne¬ 
reides—propagate their species by spontaneous division (see page 28). 
It is evident from this fact that the vital principle is divisible; but since 
each portion of the divided animal evinces a .separate will and special 
desires, we have also a distinct proof that the mental principle of these 
lower animals, whether it be or be not identical with their vital prin¬ 
ciple, is likewise divisible. The second fact is, that the mental principle 
in the higher animals also, in man even, is, like the vital principle, in a 
certain limited sense divisible. The higher animals, and man, do not, 



MIND LATENT IN THE GERM. 


617 


it is true, generate new individuals, each endowed with a mind, by 
division of their own bodies into several portions; but they do this by 
the generation of semen in the male, and the ovum in the female. In 
whatever way the generation of the new individual be effected by the 
contact of the germ of the female and the semen of the male, we know 
that in fishes, frogs, and salamanders, the mere contact of the semen 
and ovum brought together artificially, without any participation in the 
act by the male and female, is sufficient to produce a new individual. 
The germ and semen must therefore contain all that is necessary for the 
manifestation of the independent vital principle and the mental func¬ 
tions of the animal. In one or both of them the vital and the mental 
principle must exist as it were in a latent state; for otherwise these 
principles could not manifest themselves, as they are observed to do, 
during the after development of the new individual. In the most per¬ 
fect animals also, and even in man, we must suppose that the ovum and 
semen contain within themselves all the conditions necessary for the 
production of a new being endowed with life and mind; and conse¬ 
quently that one or both of them contain the vital principle, and the 
essence of the mind, in a latent state. The main question is not at all 
affected by the difl^erence of the new individual being developed within 
the body of the mother, as in viviparous, or out of it, as in oviparous, 
animals. From the foregoing facts and inferences, therefore, we may 
perceive that the higher animals and man are so far divisible that a 
separated portion of their matter, namely, the generative fluids (germ 
and semen), is animated with the principles of life and mind; and, this 
being the case, that the mental principle cannot be confined to the 
brain, but must be contained, although in a latent condition, in parts 
which are far distant from the brain, and are separable from the rest of 
the body. 

Whether the vital and mental principles be transmitted from the brain 
through the medium of the nerves to the semen or germ; whether the 
mind in a latent state be contained in the blood; whether in such a con¬ 
dition it exist in every part of the body, though free and active only 
in the brain, which is organised as its intrument and apparatus for the 
reception of impressions from other parts,—are all questions which it is 
impossible to answer, and the solution of which would not influence 
the result of our present inquiry. It is sufficient for our object to know 
that the semen and germ must contain not only the vital principle, but 
also the mind of the new being, in a latent state: thus, that other parts 
of the body than the brain participate in being the seat of the mental 
principle, although this principle is manifested only in the brain, on ac¬ 
count of the structure of that organ being adapted for its action upon 
the motor apparatus, and to the reception of the impressions communi¬ 
cated by the nerves. For consciousness, imagination, thought, volition, 
will, and passion, the brain is absolutely necessary; and although the 
principle for the production of ideas, thoughts, &c. is present in a latent 
state in the impregnated germ, yet the whole organisation of the brain 
must be created in this germ before the mental principle can become 
free, and the ideas, thoughts, and will, be manifested. In the anencepha- 
lous monster, of which the nutrition and life are maintained throughout 

52* 
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the foetal condition np to the time of birth, the organ generated in the 
living germ for the future manifestation of the mind has been destroyed 
(by hydrocephalus) at a period when it was not sufficiently developed 
to allow the exercise of the mental functions. 

From the considerations and facts thus premised, we are now able to 
determine the question, whether lesions of the texture of the brain mo¬ 
dify the mind itself; whether in mental affections the mind or its “es¬ 
sence” can itself be diseased, or whether merely the action of the mind 
by its instrument be altered. Since, as we have seen, the existence of 
the mental principle does not depend on an uninjured condition of the 
brain, and since it is certainly present, although in a latent state, in the 
germ separated from the parent animal, it is evident that a change in the 
structure of the brain cannot produce a change in the mental principle 
itself, but can only modify its actions. The action of the mind is depen¬ 
dent on the integrity of the fibrous structure and composition of the 
brain. The mode of mental action is always determined by the modifi¬ 
cation of structure and condition of the organ; but the mental “essence,” 
the latent mental “ force,” as far as it does not manifest itself, appears 
to be independent of all changes in the brain. According to this view, 
all inquiries as to the ultimate cause of affections of the mind, as regards 
the question of their dependence on the brain or on the mind itself^ are 
useless; and the physician has to keep in view, as the first point in all 
abnormal conditions of the mental functions, merely the nature of the 
structural change by which the action is rendered abnormal or pre¬ 
vented. Two cases of congenital idiocy have been reported to us, in 
which the cranium is so low that the representations given of them call 
to mind the state of the skull in hemicephalous monsters; but here the 
cranium is perfect. These idiots are the two sons of a widow named 
Sohn, living in the colony Kiwitsblott, a German mile from Bromberg; 
one is aged 17, the other 10 years. Both, enjoying excellent health, are 
at the same time so stupid that they do not remember their way back to 
their home if they leave it but a short distance; and cannot unbutton 
their breeches, although they have full powers of motion and volition in 
all parts of their body; they manifest their volition only in eating and 
drinking, and in destroying everything which comes into their hands; 
they are, however, tractable, and not malicious in disposition. Even in 
these remarkable cases we cannot imagine that any congenital disease 
of the mind itself existed—any original defect of the mental principle; 
in the latent state of this principle in the germ, there was, without 
doubt, all present which was necessary for the highest perfection; but, 
on account of the imperfect formation of the brain, the development of 
the higher mental faculties became impossible. In the same way, in a 
healthy man, a sudden change in the condition of the brain modifies the 
manifestation of the mental principle, or even renders it latent; but, if 
the pressure which impeded the action of the brain he removed, the 
functions of the mind are frequently restored in their entire integrity. 

Since the action of any part always induces a change in the organic 
matter which composes it, (see page 55 ,) it necessarily follows that 
immoderate exertion of the mind, a continued direction of it to one ob¬ 
ject consequent on external circumstances or great mental excitement, 
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must react on the organisation of the instrument of the mental opera¬ 
tions; and, although the removal of these causes may be very important 
in the eyes of the physician, yet the state of the organ itself is the proper 
object of his treatment; and the wrong direction of the thoughts is not 
the essence of the mental disease, but can merely be one among its 
numerous exciting causes.* 

The question, whether the vital principle by which the whole organi¬ 
sation of the germ, and even the formation of the organ of the mind, are 
effected, be essentially different from the mental principle, or whether 
the operation of the mind is merely a mode of action of the vital prin¬ 
ciple, is not capable of solution by physiological facts. 

In favour of the view, that the mind is merely a particular manifes¬ 
tation of animal life, may be urged the fact, that it is not confined to one 
class of animals, or to man, but is possessed even by the lowest crea¬ 
tures; for mind cannot be denied to any animal which is conscious of 
internal images, independent even of external impressions on the senses, 
—has thoughts and desires, forms ideas concerning the objects of these 
desires, and the mode of satisfying of them, and by ideas and desires is 
impelled to voluntary actions. In this sense mental phenomena are 
presented even by the lowest animals; the passions are manifested prin¬ 
cipally only in the higher animals. On the other hand, for the opinion 
that the mental is independent of the vital principle, it may be argued 
that one whole division of organised living beings, namely, plants, are 
destitute of all mental manifestations. This objection may, however, be 
met by the supposition, that here the vital principle is in a latent state 
in relation to its mental actions; and when a hypothesis rests merely on 
its explaining a great number of facts, its force is neutralised, if another, 
which affords an equally good explanation of them, can be opposed to it. 

Another question agitated is, whether the mind be a property of 
matter, or an independent power or principle; whether it be a principle 
superadded or united to the body; or whether it be nothing more than 
the expression, as it were, of a certain condition—of a certain combina¬ 
tion of matter. 

The phenomena of the mind, whatever be the nature of its essence, 
are without doubt closely and necessarily connected with the organisa¬ 
tion of the brain. Unless the complicated fibrous structure of the brain 
be in an unimpaired state, mind is not manifested in the body; but still 
it may exist in it in a latent condition, just as in the generative fluids 
from which the new creature endowed with mind is capable. 

III. Of the Medulla Oblongata. 

The brain and spinal cord act on each other through the medium of the medulla 
oblongata; and hence the importance to physiologists of a knowledge of the course of 
the different columns or bundles of fibres of this part. Burdach (in his excellent work, 
Von Bau und Leben des Gehtrns,) has thrown more light on this subject than any other 
anatomist. The following parts are now distinguished as composing the medulla 
oblongata:— 

1. The corpora pyramidalia, formed, according to Burdach, of fundamental and de¬ 
cussating fibres. The former lie at the anterior surface of the grey central column, 

* Some German writers, as for example, Heinroth, have gone so far as to regard all 
insanity as a wrong action of the soul, and to speak of the insane as sinners. 
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and form the posterior wall of the anterior fissure of the spinal cord; but as they 
ascend in the neck, between the space of to 1^ inches below the pons, they pass 
obliquely forwards, so as first to form the lateral boundaries of the anterior fissure, and 
at last to appear at the two sides of this fissure on the anterior surface of the spinal cord 
and at the inner side of the anterior columns. The decussating fibres are derived 
from the lateral columns of the spinal cord, as a branch of which they run behind 
the olivary body on each side, ascend, passing obliquely inwards and forwards, and 
with the former set of fibres appear at the surface of the cord one inch below the pons 
Varolii, at the side of the anterior fissure. The decussating fibres alone pass from 
one side of the fissure to the other to join the fundamental fibres of the opposite pyra¬ 
mid. {Burdach, ib. ii. 31.) The fibres of the corpora pyramidalia pass between the 
transverse fasciculi of the pons to reach the crura cerebri. 

2. Fasciculi of fibres which run at the inner and outer side of the olivary bodies, 
and which are not seen on the surface of the medulla oblongata. (Fasciculi siliquse. 
Burdach.) The more anterior or internal of these fasciculi is formed of the fibres 
which bounded the anterior fissure of the spinal cord, and which have been thrust 
outwards by the corpora pyramidalia rising to the surface. The external fasciculus 
is the outer portion of the anterior column of the spinal cord which lay at the inner 
side of the anterior roots of the nerves. Both these fasciculi, w'hich sheath the olivary 
bodies, are in contact with each other till they reach these bodies. The internal fas¬ 
ciculus passes with the pyramids through the pons into the crura cerebri. The ex¬ 
ternal is continued upwards and inwards, around the upper portion of the processus 
cerebelli ad testes, to the base of the corpora quadrigemina. 

3. The olivary body is formed by the expansion of the anterior grey column of the 
cord. At this point the grey column forms a plicated vesicle of grey matter, filled 
isternally as well as invested externally with white fibrous substance. This it is which 
produces in a section of the corpus olivare, the appearance called corpus dentatum. 

4. The lateral column of the spinal cord gives oflT from its inner side at the com¬ 
mencement of the medulla oblongata the decussating fibres of the anterior pyramids; 
the remaining portion is continued over the olivary body into the processus cerebelli 
ad medullam oblongalam (corpus restiforme), and partially also into the external part 
of the fourth ventricle. {^Burdach, ibid. p. 35.) 

5. The fasciculus cuneatus is the continuation of the medullary fibres which cover 
the posterior grey columns of the spinal cord, and which, lying at the upper side of 
the lateral column, form with it the process from the medulla oblongata to the cere¬ 
bellum; its internal fibres run at the outer part of the walls of the fourth ventricle 
towards the cerebrum. According to Mr. Solly, some fibres of the anterior columns 
also of the spinal cord contribute to form the corpus restiforme, or processus cerebelli 
ad medullam oblongatam, interlacing in it with those derived from the lateral columns. 

6. At the inner and posterior surface of the corpus restiforme lies a delicate fas¬ 
ciculus of fibres (fasciculus gracilis), the inner side of which forms the lateral wall of 
the posterior fissure, and is, in part, in close contact with the corresponding surface 
of the fasciculus of the opposite side. At the apex of the fourth ventricle, this fas¬ 
ciculus becomes swollen into a club-shaped body (clava). {Burdach, loc. cit. p. 37.) 

7. The “round fasciculi” (fasciculi teretes) are rendered visible by the divergence 
of those last described; as lateral walls of the canal of the spinal cord they lie between 
the corpora restiformia in the floor of the fourth ventricle, and pass forwards, separated 
by the medium fissure, to form the anterior and inferior boundary of the aqueduct of 
Sylvius.* 

Properties of the medulla oblongata .—It has the general properties 
of the medulla spinalis. It has the same property of reflection, indeed 
in a higher degree than any other part of the nervous system; and the 

* For a full detail of the course of the fibres in the brain I refer to Durdach’s work; and lo 
the “leones” of Langenbeck, for an aceount of the later investigations into the structure of 
the brain. Weber’s edition of Hildebrandt’s Anatomie, M. D’Alton’s article in the 11th 
volume of the Encycl. WOrterb. der Medicin. Wissench. (Mr. Solly’s work on the Brain, and 
the excellent Tabulae Anatornicae of Arnold, as well as his Bemerkungen tiber den Bau des 
Gehirns, &c. Zurich, 1838,) may be consulted. 
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nerves which arise from it are more prone than any other nerves to 
reflex action. It belongs also to the motor apparatus, and no other 
part has so great an influence on the production of motions, for irrita¬ 
tion of it excites convulsions of the whole trunk, and by lesion of it the 
whole trunk is paralysed. But the properties which especially distin¬ 
guish the medulla oblongata are the following:— 

1. It is the source of all respiratory movements, as has been shown 
at page 321; of the natural movements of respiration, and of the spas¬ 
modic affection of the respiratory muscles excited by irritation of the 
mucous membranes (see page 323). The passions, in exciting the respira¬ 
tory nerves (the facial included), act through the medium of the medulla 
oblongata. The same movements, as laughing, crying, and yawning, 
are also frequently excited by the influence of the sensoriurn occupied 
by certain ideas on the medulla oblongata. 

2. It is the seat of volition. —The experiments of M. Flourens show 
that animals in which the cerebral hemispheres have been removed, 
though in a state of stupor, are still capable of executing voluntary 
movements; and they have still the power of volition after the removal 
of the cerebellum also, but by this last mutilation their movements are 
deprived of force and co-ordination.* 

3. The medulla oblongata is the seat of the faculty of sensation .— 
This is not merely shown by the anatomical fact that all the cerebral 
nerves, with the exception of the first and second, are connected with 
it, or with its prolongations in the brain; it is proved also by the history 
of experiments on the different parts of the encephalon. From the re¬ 
searches of Magendie and Desmoulins it results that the removal of the 
cerebral hemispheres and the cerebellum does not deprive an animal 
of the power of sensation. The central organs of the senses of sight 
and smell are lost with the cerebral hemispheres, and blindness ensues; 
but the consciousness of sensations does not appear to be the function 
of the cerebrum. Flourens concluded from his experiments that the 
cerebral hemispheres are alone the central organ of sensations. But 
this is not a legitimate inference from his highly interesting observa¬ 
tions, which, in fact, as Cuvier has remarked (in his Report to the Aca¬ 
demy on the Memoir of M. Flourens), prove directly the contrary. An 
animal in which the cerebral hemispheres have been removed is in a 
state of stupor; but presents, nevertheless, manifest signs of sensibility, 
^nd not merely of the reflection of impressions. It no longer performs 
any voluntary movements; but, when struck, it has all the manner of 
an animal waking from sleep. In whatever position it be placed, it re¬ 
sumes the equilibrium. If laid upon the back, it rises again; if pushed, 
it walks. If it be a bird, and we throw it up into the air, it flies; if it 
be a frog, it leaps when touched. The animal has, doubtless, lost its 
memory—it no longer reasons; but nevertheless it feels, and the sensa¬ 
tions excite in it movements which are different from the phenomena 
of mere nervous reflection. Cuvier very aptly compares animals in 

* For an account of anencephalous monsters which have performed voluntary move¬ 
ments, see Muller’s Archiv. 1834, p. 168. Comp^ire also the remarks on the same 
subject by Mr. Grainger, on the Spinal Cord, p. 79, et seq. and Dr. Hall, in his Me¬ 
moirs on the Nervous System. 
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this condition to a sleeping man; he also seeks an easy position; he 
feels.* 

Sensation itself must be distinguished from “ attention,” (the direc¬ 
tion of the mind to sensations,) and from the faculty of forming ideas 
from sensations. Attention appears to be a function of the cerebral 
hemispheres; by their removal the animal is rendered stupid, though 
sensation remains. Among a certain number of simultaneous sensa¬ 
tions we are able to direct our attention to a single one, so as to per¬ 
ceive it, not only more distinctly than the rest, but definedly and in its 
whole intensity; this sensation excites in us ideas, while those to which 
attention was not directed are perceived, but only indistinctly. While, 
therefore, the medulla oblongata is susceptible of obscure sensations, the 
distinct perception of sensations is dependent on parts of higher func¬ 
tion, which are lost when the cerebral hemispheres are removed. 

Some have believed that the medulla oblongata is the central organ 
for all sensations. This appears to me to be an error, if by medulla 
oblongata be meant only the superior enlarged portion of the spinal 
cord, and not also its prolongations into the cerebrum. The medulla 
oblongata, in the restricted sense, is certainly the receptacle for all the 
sensations of touch; these sensations are felt even after the cerebrum is 
removed,—though indistinctly, owing to the mind not being directed 
to them. On the other hand, for the senses of sight and smell there are 
central organs which lie in the cerebral hemispheres: blindness, for ex¬ 
ample, is produced by mutilation of the anterior pair of the corpora 
quadrigemina, of the thalamus opticus, or of the deep-seated parts of 
the hemispheres generally. It appears, therefore, that the central 
organs of the different senses are independent of each other; if they do 
in part belong to the prolongations of the fasciculi of the medulla ob¬ 
longata, still it appears that their actions may be isolated, while a re¬ 
ciprocal action of each with the hemispheres of the brain is necessary 
for a distinct perception of the sensation of which it is the seat. This is 
probable, but many facts are wanting to prove it. It appears certain 
that, after the removal of the central organ of vision, the impressions 
on the nerves of common sensation are still felt; but it is not known 
whether, after the destruction of the medulla oblongata, impressions on 
the other senses can still be perceived. Injury to the medulla oblongata 
puts a stop to respiration, and thus reduces life to such a low ebb that 
it is impossible to institute experiments as to the persistence of the sen* 
sations of sight, smell, &c. It is, however, most probable that the actions 
of the different organs of the senses are ultimately communicated to the 
cerebral hemispheres, and not to the medulla oblongata, and that it is in 
them that the separate sensations are converted into ideas. 

With reference to the sense of hearing, it is usually supposed that its 
central organ is the floor of the fourth ventricle, since the fibres of the 
auditory nerve have their origin there. Flourens, on the contrary, 
maintains that, after the removal of the cerebral hemispheres (which 
birds survive many mouths), hearing is lost. But whether the sense of 

* See Cuvier’s Rapport, &c. in M. Flourens’ work, Sur les proprietes et les fonc- 
tions du Systeme Nerveux. Paris, 1824, p. 77. 
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hearing be dependent on a state of integrity of the floor of the fourth 
ventricle or not, the transverse white fibres which are seen on it appear 
to have by no means the important influence on the sense of hearing 
which is often attributed to them; they are by no means constantly con¬ 
nected with the auditory nerve, and sometimes pass distinctly over the 
superior root of the nerve into the crus cerebri. In the Museum at 
Berlin there is the brain of a young female, who, in consequence of a 
fall upon the neck and occiput, was gradually attacked by paralysis of 
the whole body; and here, upon the floor of the fourth ventricle, and 
upon these transverse white fibres, an effusion of lymph had taken 
place, although the sense of hearing had not suffered. (See Fischer^ 
de rariore Emephalitidis Casu. Berol. 1834.) 

IV. Of the Corpora Quad7'igemina. 

The corpora quadrigemina of Mammalia, and the lobi optici of birds, 
reptiles. Amphibia, and fishes, belong, with the optic thalami of the 
higher animals, to the central apparatus of the sense of vision. It is 
stated by M. Flourens, that if in a pigeon one of the lobi optici be re¬ 
moved, or in a mammiferous animal one-half of the corpora quadri¬ 
gemina, blindness of the eye of the opposite side is produced, though 
the mobility of the iris is preserved for a long time. (M. Magendie did 
not meet with this result in Mammalia.) According to MM. Magendie 
and Desmoulins, the animals turn frequently upon their own axis, 
towards that side on which the removal of the optic lobe has been 
effected. This movement, which was observed even in frogs, appears 
to be the result of vertigo. Flourens covered one eye in healthy 
pigeons, and they turned round in a similar way; but not so briskly, 
and for a shorter time. The removal of the optic lobe is always at¬ 
tended by convulsions of the opposite side of the body, of which the 
muscular power is afterwards much impaired. It is a remarkable fact 
that, while injury to one of the optic lobes always destroys the sight of 
the opposite eye, yet the contractility of the iris under the influence of 
light is not lost if the mutilation be only superficial; a complete re¬ 
moval of the optic lobe paralysing the iris as well as the sense of sight. 
Flourens explains this on the supposition that a partial removal of the 
optic lobes does not abolish the excitability of the optic nerves, because 
it does not destroy all their roots. The motion of the iris is certainly 
dependent on the excitation of the optic nerves by light; for Flourens 
found that irritation of these nerves caused the iris to contract, and 
division of them paralysed its motions. The explanation given by 
Flourens is correct; but, when the optic lobe is partially removed on 
one side only, the action of light on the retina which is not paralysed 
will explain the contraction of the iris of the blinded eye. The re¬ 
searches of M. Hertwig {Exp. de effect, lassion. in partibus Encephali. 
Berol. 1826,) have afforded a confirmation of the experiments of 
Flourens in almost every particular. The results which M. Hertwig 
obtained, are: 1. that the partial mutilation of one-half of the corpora 
quadrigemina or optic lobes in Mammalia and birds produces partial 
loss of power and blindness of the opposite side of the body,—that 
vision, however, is regained after a certain time; 2. that this partial 
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lesion does not abolish the motion of the iris,—on the contrary, that 
these motions sometimes continue; 3. that by removing a larger portion 
of the optic lobe, or completely extirpating it, vision, as well as the con¬ 
tractile power of the iris, is completely destroyed; 4. that mutilation of 
the optic lobe has nearly the same effect on the eye as injury to the 
optic nerve; 5. that the muscular weakness of the opposite side of the 
body, produced by the mutilation of one optic lobe, is only temporary; 
6. that the infliction of this injury on one side of the body, causes the 
animal to move round ott its axis, as if giddy; 7. that no other eflect 
than those mentioned follow the mutilation of the corpora quadri- 
gemina,—thus, for example, that no disturbance of memory or con¬ 
sciousness is produced. 

The only point in which the observations of this experimenter differ 
from those of M. Flourens, has reference to the convulsions produced 
by injury to the optic lobes, which, in M. Hert wig’s experiments, never 
ensued. The opposite result obtained by M. Flourens was perhaps due 
to his incision being carried too deeply. 

V. Of the Cerebellum. 

The functions of the cerebellum have been made the subject of in¬ 
teresting experiments by Rolando, Flourens, Magendie, Sclioeps, and 
Hert wig. 

M. Rolando constantly observed that the diminution of the move¬ 
ments was in a direct ratio with the lesion of the cerebellum; that stupor 
was never produced, nor the sensibility of any part of the body im¬ 
paired; but that the power of the muscular movements was lost. The 
animals kept their eyes open, and regarded surrounding objects, but in 
vain endeavoured to execute any of the movement necessary for loco¬ 
motion. An animal in which one side of the cerebellum had been re¬ 
moved, fell upon the same side, not being able to support itself upon the 
leg of that side. These results induced Rolando to adopt a supposition 
quite incapable of proof, namely, that the cerebellum is the organ 
destined for the generation of the nervous principle, which he compared 
with electricity; and that the alternate layers of white and grey sub¬ 
stance of the cerebellum act, as Reil also imagined, in the way of a 
galvanic pile. 

The experiments of M. Flourens [Loc. citat. pp. 18 and 36,) are 
more lucid and more decisive in their results. He found that the ani¬ 
mals evinced no signs of sensibility in the cerebellum while it was being 
removed. He extirpated the cerebellum in birds by successive layers; 
feebleness and want of harmony of the movements were the conse¬ 
quence. When he had reached the middle layers, the animals became 
restless without being convulsed; their movements were violent and 
irregular, but their sight and hearing were perfect. By the time that 
the last portion of the organ was cut away, the animals had entirely 
lost the powers of springing, flying, walking, standing, and preserving 
their equilibrium. When an animal in this state was laid upon the 
back, it could not recover its former posture; but it fluttered its wings, 
and did not lie in a state of stupor; it saw the blow which threatened 
it, and endeavoured to avoid it. Volition, sensation, and memory. 
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therefore, were not lost, but merely the faculty of combining the actions 
of the muscles in groups; and the endeavours of the animal to maintain 
its equilibrium were like those of a drunken man. The experiments 
afforded the same results when repeated on all classes of animals, and 
from them Flourens infers that the cerebellum belongs neither to the 
sensitive nor to the intellectual apparatus; and that it is not the source 
of voluntary movements, although it belongs to the motor apparatus; 
the infliction of wounds on it does not, however, he says, excite convul¬ 
sions, as when other motor apparatus, such as the spinal cord and me¬ 
dulla oblongata, are wounded;—but the removal of it destroys the force 
of the movements, and the faculty of combining them for the purposes 
of locomotion,—the faculty of the co-ordination of the movements. If 
this view be correct, the cerebellum must contain a certain mechanism 
adapted to the excitement of the combined action uf muscles, so that 
every disturbance of its structure must destroy the harmony between 
this central organ of combined motions, and the groups of muscles with 
their nerves. It is also to be remarked, that injury to the cerebellum 
always produces its effects on the opposite side of the body. 

These observations of Flourens have been confirmed by Hertwig, 
who found that the cerebellum itself was insensible; that irritation of 
it excited no convulsions; and that though lesion of it interfered with 
the combination of movements, the senses and all the other functions 
were not thereby affected. Hertwig, however, remarked, that if the 
mutilation of the cerebellum had been partial only, its function was 
restored. He also found that removal of one side of the cerebellum 
aflected the movements of the opposite side of the body. 

M. Magendie states that hedgehogs and guinea-pigs, in which he had 
extirpated both cerebrum and cerebellum, rubbed their nose with their 
paws when vinegar was held to it. He asserts, also, that, when the 
wound was inflicted on the cerebellum, the animal made an effort to 
advance, but was compelled by an inward force to retrograde. Injury 
to the crus cerebelli ov processus adpontem^ and of the pons itself, upon 
one side, always caused the animals to roll over towards that side. The 
same effect was produced by every vertical section which involved the 
medullary mass lying over the fourth ventricle,, but it was seen in the 
most marked degree as the result of injury of the crus. Sometimes, 
M. Magendie says, the animals made sixty revolutions in a minute, and 
he has seen this movement continued for a week without cessation. 
These are not convulsive movements, but are voluntarily performed, 
as if under the influence of an internal impelling force, or as if the 
animals were attacked with vertigo. Division of the second crus cere¬ 
belli is stated by M. Magendie to restore the equilibrium. Hertwig 
also observed in a dog in which the pons Varolii was wounded on the 
right side, that similar revolutions of the body towards the same side 
were performed, and one eye was turned upwards while the other was 
turned downwards. Superficial wounds of the pons were, in Hertwig’s 
experiments, attended with moderate pain; he believes each half of the 
pons to influence the opposite half of the body. No convulsions were 
caused by irritating it. 

The restiform bodies belong to the medulla oblongata; injury inflicted 
53 
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on one of them in a goat was found by Rolando (Saggio, <5'c. ed. 3, p. 
128,) to produce convulsions, with curving of the body of the animal 
to the injured side. Wound of the processus cerebelli ad testes was 
observed by the same author to cause convulsions which atfected in the 
greatest degree the extremities of the opposite side of the body; the 
animal, a rabbit, fell upon the side on which the lesion was inflicted 
each time that it made a spring. 

Gall regards the cerebellum as the organ of the sexual impulse. The 
grounds on which this view is founded are not conclusive. Burdach 
{Op. cit. iii. p. 423,) has collected the facts which bear upon this ques¬ 
tion. He has calculated that affection of the sexual passion is observed 
once in every seventeen cases of lesion of the cerebellum, and once in 
three hundred and thirty-two cases of lesion of the cerebrum. In apo¬ 
plectic cases attended with erection of the penis, there has been found 
effusion of blood in the cerebellum.* Dunglisont observed priapism 
in a case of inflammation of the cerebellum with serous effusion. De¬ 
struction of the spinal cord in animals also gives rise occasionally to 
erection of the penis. The observations of Heusinger, {Meckel’s Jlrchiv. 
vi. 551,) that, in two birds which died suddenly, there was a turgid state 
of the testicles and eff’usion of blood in the cerebellum, cannot be ad¬ 
duced as proof of the correctness of Gall’s hypothesis; and all the other 
cases of simultaneous disease of the cerebellum and affection of the 
sexual functions do not really prove much. The coincidence of disease 
of the spinal cord with affection of the genital organs is much more fre- 
quent.j: * 

The development of the cerebellum in the scale of animals presents 
no relation with the energy of the sexual impulse. In the Amphibia 
(as frogs and toads) this organ is extremely small, constituting a mere 
band lying over the fourth ventricle, and nevertheless the sexual instinct 
of these animals has become proverbial, although they have no erectile 
organ. 

A preparation in the anatomical museum at Bonn (see Weber^ in the 
Nova Act. Nat. Cwr. xiv. p. Ill,) is unfavourable to Gall’s opinion. 
It is the cerebellum of a man in whom half the organ was found atro¬ 
phied. Death had been caused by an inflammatory disease. But the 
sexual passion had been rather strong than weak; the man was married, 
and the father of several children. The facts detailed by Cruveilhier 
{Anat. Pathol, livr. xv. 18,) are, however, the most remarkable. In 
one case, an individual twenty-one years of age, two large tuberculous 
masses were found in the left hemisphere of the cerebellum, although 

* Series, in Magendie’s Journ. iii. p. 114. f Lend. Med. Reposit. Oct. 1823. 

:J: M. Budge (Muller's Archiv. 1839, p. 390) states as the result of repeated experi¬ 
ments, that irritation of the cerebellum with the point of a knife in a cat just killed 
causes the testicle of the same side to move, so as to place itself more at ri^ht angles 
with the vas deferens. The fact, if confirmed, would be curious. But M. Budge 
draws conclusions so hastily from his observations, that he excites the suspicion of his 
experiments having been performed with equal want of care.— Translator. (See 
for details on this head, and of a discussion, in the French Royal Academy of Medi¬ 
cine, on Phrenology, Stokes & Bell’s Lectures on the Practice of Physic, p. 445 and 
p. 438-41, vol. ii. 2d edit.) 
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there had been no paralytic symptoms, no pains in the head, and no 
positively unnatural phenomena in the genital organs. Since the sub¬ 
ject of this disease is said to have had no desire for sexual pleasures, 
the case might be regarded as a proof of the correctness of Gall’s hypo¬ 
thesis. In the second case, however, there was coincidence of complete 
want of the cerebellum with tendency to masturbation; it occurred in 
a girl of eleven years. When seven years old, she presented great 
weakness of the extremities, want of intelligence, and indistinct articula¬ 
tion. At the eleventh year, when she was more closely observed, the 
feebleness of the extremities was so great that she could scarcely move 
her legs, although their sensibility was perfect. She could move her 
arms. Her intellect was very dull. After death, which was caused by 
an inflammatory disease, the inferior occipital fossae were found filled 
with serum. In place of the cerebellum there was merely a membran¬ 
ous band passing transversely over the medulla oblongata, and con¬ 
nected on each side with a swelling of the size of a hazel-nut. The 
pons Varolii was entirely absent, the olivary bodies indistinct.*(a) 

VI. Of the Cerebral Hemispheres. 

The fact of the cerebral hemispheres having a more perfect develop¬ 
ment in proportion as the animals in which we examine them are 
higher in tlie scale of Vertebrata from fishes up to man, and the co¬ 
incidence of atrophy and absence of the convolutions on their surface 
with idiocy, are alone sufficient to indicate that the seat of the higher 
intellectual faculties must be sought in this part of the encephalon. It 
has, however, been proved by direct experiment that such is their seat. 
The experiments of Flourens are here also especially instructive, and 
Hertwig has in the essential points done no more than confirm them. 
The hemispheres are insensible both to puncture and incisions. That 
part of the brain in which the sensations are converted into ideas, and 
the ideas hoarded up, to appear again, as it were, as shadows of the sen¬ 
sations, is itself devoid of sensibility. This result, confirmed by Hertwig, 
accords likewise with the phenomena observed in wounds of the head 
in man; for it has been very frequently remarked, when it has been 
necessary to separate protruded portions of the brain from the healthy 
part, that this has given rise to no sensation even in persons whose mind 
was perfectly clear. Wounds of the hemispheres give rise moreover to 
no convulsions; the only constant effect of a deep incision is blindness 
of the eye of the opposite side and a state of stupidity. Haller and Zinn 
had noticed that injury to the upper part of the cerebral hemispheres 
produces no muscular contractions. No contractions of muscles are 
excited, according to Flourens, by irritating the corpora striata or the 
optic thalami', and the same fact had been already ascertained by M. 
Lorrey with reference to the corpus callosum. 

* See the representation of the parts in Cruveilhier, livr. xv. 

(a) The train of argument pursued hy the author in the text, to disprove the phreno¬ 
logical function of the cerebellum, is that of the pure spiritualists, who assert, that 
a man may think and reason without a brain, because, say they, he sometimes exercises 
his mind in this way, nothwithstanding serious lesions and losses of substance of 
the brain. By the same showing, the lungs are nut the organ of respiration nor the 
stomach that of digestion. 
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The general results of the experiments of Flourens and Hertwig on 
different animals, relative to the function of the cerebral hemispheres, 
are very similar. I will recount the very interesting details of an ex¬ 
periment instituted by Flourens on a pigeon. The right hemisphere, 
being removed, the pigeon was found to be blind in the opposite side. 
The contractility of the iris, however, still continued (see page 623). 

' There was a marked feebleness of all parts of the left half of the body. 
This, however, is, according to M. Flourens, a very variable pheno¬ 
menon both as to its degree and duration. In all animals the forces soon 
recover their equilibrium, and the disproportion between the two sides 
disappears. The pigeon saw very well with the eye of the injured side, 
it heard, stood, walked, flew and did not appear uneasy. 

In another pigeon both cerebral hemispheres were removed; loss of 
vision immediately ensued, with general loss of power, which, however, 
was neither considerable nor persistent. The pigeon flew when it was 
thrown into the air; walked when it was pushed. The iris had its 
power of motion in both eyes;* the animal was deaf, and it did not 
move spontaneously, but had constantly the manner of a sleeping 
animal, and when irritated it resembled in its motions an animal just 
awaking. In whatever position it was placed, it resumed its equili¬ 
brium; if laid upon the back, it got upon its feet again; water being 
put into its beak, it swallowed it; and it resisted attempts to open its 
beak. M. Flourens likens the pigeon in this condition to an animal 
condemned to perpetual sleep, but deprived even of the faculty of 
dreaming. Experiments on Mammalia were attended with similar 
results. 

The experiments of Hertwig confirm M. Flourens’ observations. 
Wounds of the hemispheres (in a dog) excited no pain, unless they ex¬ 
tended to the base of the brain, when signs of pain were exhibited. M. 
Hertwig removed both hemispheres in a dog: the animal did not move 
from the post voluntarily, but was thrown into a state of complete stupor; 
if irritated, it moved a few steps, and then fell again to the ground in a 
sleepy state. It did not hear even the report of a pistol. M. Hertwig 
removed the upper part of the hemispheres in a pigeon; sight and hear¬ 
ing were abolished, and the animal sat in one spot as if asleep. He 
fed it: peas, if placed merely within the beak, were not swallowed; but 
if laid upon the tongue, they were (owing to reflex action); the muscles 
were butslightly enfeebled; the bird stood firmly, and flew when thrown 
into the air. This state endured for a fortnight, when the hearing and 
sensibility in a great measure returned; this pigeon lived three months. 
A hen, in which Hertwig had cut away both hemispheres nearly to the 

* Mr. Grainorer explains this phenomenon in accordance with Dr. Hall’s theory of 
the existence of special fibres for reflex motions to which the contraction of the iris 
under the influence of light belongs. “The optic nerve,” he says, “contains two 
orders of fibres; the true sensiferous, which are connected with the cerebral convo¬ 
lutions, by the diverging fibres described by Spurzheim, and the incident fibres 
attached either to the grey matter of the optic tubercles, or of the optic thalami.” 
When merely the cerebral hemispheres are removed, the latter fibres must remain in¬ 
tact, and will, therefore, when excited, according to Mr. Grainger’s conjecture, by 
the calorific rays of light, determine the contraction of the pupil through the medium 
of reflex fibres of the third nerve. 
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base of the brain, was found to be deprived of sight, hearing, taste, and 
smell; it sat constantly in one spot, and was as if dead until strongly 
roused, when it moved a few steps. The animal lived in this state of 
stupor, without its senses being restored, for three months. 

M. Schoeps {MeckeVs ArcJiiv. 1837,) has instituted similar experi¬ 
ments.* 

It is evident from these experiments, and from the effects of pressure 
on the cerebral hemispheres in man, that they are the seat of the mental 
functions; that in them the sensorial impressions are not merely per¬ 
ceived, but are converted into ideas; and that in them resides the power 
of directing the mind to particular sensorial impressions,—the faculty 
of attention. In what respect the medullary and the grey substance of 
the hemispheres differ with regard to function, we are quite ignorant. 
The capacity of the mind in different animals manifestly increases pari 
passu with the extension of the surface of the cerebral convolutions; 
but we have not the slightest knowledge of the nature of the influence 
exerted by the grey cortical substance into which the innumerable fibres 
which pass through the optic thalami at last radiate. We are ignorant 
of the nature of the change produced in the medullary fibres in the 
cortical substance, or in the principle which animates it, when an idea 
makes an impression on the highly susceptible substance of this wonder¬ 
ful structure. We know only, that every idea is a permanent immutable 
impression in the brain, which may at any moment present itself anew 
if the mind be directed to it,—if the “attention” be turned to it; and 
that it is merely the impossibility of the attention being occupied by 
many objects simultaneously, that causes each to be forgotten. All 
these latent ideas must be regarded as impressions on the brain which 
cannot be effaced. Lesions of the brain may annul a part or all these 
ideas. Thus, in such cases, persons have lost their memory for nouns, 
verbs, or even for the occurrences of certain periods of their life; and 
the memory thus lost has sometimes returned again. The direction of 
the mind to one single idea modifies the co-existence and disturbs the 
equilibrium of all the rest; hence, if the relative strength of the different 
latent ideas were known, it would be almost possible to calculate what 
allied idea would be excited by another known image. 

It is probable that there is in the brain a certain part or element appro¬ 
priated to the affections, the excitement of which causes every idea to 
acquire the intensity of emotion, and which, when very active, gives 
the simplest thought, even in dreams, the character of passion; but the 
existence of such a part or element cannot be strictly proved, nor its 
locality demonstrated. Still less can it be shown that, independently of 
such an element of the mind, the particular tendencies of the thoughts 
and passions have their special seat in distinct districts of the hemi¬ 
spheres. This view, advocated by Gall, which forms the ground-work 
of the doctrine of cranioscopy or phrenology, does not, it is true, involve 

* The functions of the different parts of the encephalon have been lately investi¬ 
gated experimentally by M. Nonat (see Gazette Medicale, Oct. 19, 1839), but appa¬ 
rently without bringing to light any important new results. An account of some 
further experiments by Magendie is contained in his Legons sur la Systems Nerveux. 
Paris, 1839, t. i. 
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any impossibility; but there are no facts calculated in the slightest 
measure to prove the correctness of the hypothesis generally, or the 
correctness of the details of the doctrine founded upon it. No part of 
the brain can be distinctly pointed out as the seat of memory, of imagi¬ 
nation, &c.(a) Memory may be lost as a consequence of lesion of the 
hemispheres at any part of their periphery; and the same is the case 
with regard to all the principal faculties or tendencies of the mind. On 
the other hand, with regard to the “faculties” set down by Gall, a part 
of which are totally unpsychological, we may at once exclude from the 
forum of scientific researches these arbitrary dogmas, which can never 
be proved. The remark made by Napoleon to Las Cases, with reference 
to Gall’s system of phrenology, is very interesting: “ He ascribes,” said 
Napoleon, “to certain prominences, propensities and crimes which do 
not exist in nature, but are the growth of society, and are merely con¬ 
ventional. What would the organ of theft effect, if there were no pro¬ 
perty; the organ of drunkenness, if there were no spirituous liquors; or 
the organ of ambition, if there were no society?” Gall’s system includes 
no organ of drunkenness; but still the remark is correct as far as regards 
the bad psychological foundation of the organ marked out by Gall. It 
does not, however, overturn the principle of phrenology; but only the 
mode in which it is carried out. 

With regard to the principle, its possibility cannot, ^ priori, be de¬ 
nied; but experience shows that the system or organs proposed by Gall 
has no foundation; and the histories of injuries to the head are directly 
opposed to the existence of special regions of the brain destined for 
particular mental faculties. Not only may both the higher and lower 
intellectual faculties—as reflection, imagination, fancy, and memory— 
be affected by lesion of any point on the surface of the hemispheres; but 
it has been frequently observed that different parts of the hemispheres 
may aid the action of other parts in the intellectual functions, and fre¬ 
quently where the removal of portions of the surface of the hemispheres 
has become necessary in the human subject, no change in the moral 
and intellectual powers of the individual has ensued.(6) 

It appears, with regard to their action in the intellectual functions, 
that the one hemisphere can perform the office of the other. Cases, at 
least, have been observed in which permanent disease of one hemisphere 
has left the mind unimpaired,; and Cruveilhier [Livraison, viii.) has re¬ 
lated a case of atrophy of the entire left half of the cerebrum in a man 
forty-two years of age, in which the atrophied hemisphere was only 
about half as large as the sound one, all its parts—the crus cerebri, 
corpus rnammillare, thalamus opticus, corpus striatum, and lateral ven¬ 
tricle,—being all equally diminished in size, and nevertheless the mind 
was perfect. The two halves of the cerebellum were nearly equal in 

(а) Gall and the phrenologists generally regard memory and imagination, not as 
separate faculties, but as modifications of any one intellectual faculty. Of course, they 
do not suppose that there is a seat in the brain for either memory or imagination sepa¬ 
rate from the faculty to which they belong. 

(б) The author forgets that the very next sentence, in which reference is made to Cru- 
veilhier’s case, affords an answer to this objection against phrenology, p. 632. Of a 
similar import are the last two paragraphs of the present division of this chapter. 
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size, the right being only a little smaller than the left. In this case the 
right side of the body had been from youth upwards partially paralysed, 
the man being still able to walk with a stick; and the limbs of the weak 
side were wasted. 

The commissures appear to be the cause of this unity of action of the 
two hemispheres. The influence of the corpus callosum is not quite 
certain; yet the presence of the corpus callosum and fornix would ap¬ 
pear, from a case observed by Reil, {Jlrchiv. xi. 341,) not to be neces¬ 
sary for the exercise of the lower mental faculties. In a woman whose 
intellects were dull, but who was nevertheless capable of common oc¬ 
cupations, such as going on errands, the parts mentioned were wanting, 
but the other commissures were present. The coincidence of idiocy 
with destruction of the corpus callosum in chronic hydrocephalus does 
not prove any connection between them, the disease being so compli¬ 
cated. But tumours and hydatids have been found attached to the 
corpus callosum in idiots; and La Peyronnie observed loss of memory 
attending lesion of that part of the brain.* Few direct experiments 
have been instituted with a view to determine the function of the cor¬ 
pus callosum. Saucerotte divided this part in a dog; stupor, with vio¬ 
lent shaking and hiccough, were the result. The animal saw and 
heard, but had lost the sense of smell, and the sensibility of the ears, 
nose, and muscles. (See Biirdach^ Op. cit. iii. 486.) Rolando [Saggio, 
&;c. ii. 218,) performed the same experiment on a goat. The animal 
stood for some time without moving, then became restless and ran for¬ 
wards. It was kept two days; by degrees it became feeble, could 
scarcely rise on its legs; and its whole body trembled and was cold. 

The functions of the pituitary and the pineal gland are, we may say, 
entirely unknown. Greding, it is true, frequently found disease of the 
pituitary gland in cases of mental affections; but, in such cases, disor¬ 
ganisations have been met with in all parts of the brain. Wenzel ob¬ 
served disease in the pituitary gland frequently in epileptic subjects.t 
The hypothesis of Descartes, that the pineal gland is the seat of the 
soul, has been long relinquished and forgotten. It is, according to 
Georget’s observation, seldom affected in lunatics. (See Burdach, op. 
cit. iii. p. 467.) 

The results of pathological anatomy can, however, never have more 
than a limited application to the physiology of the brain. We are unac¬ 
quainted with the laws according to which the different parts of the 

* Cases of disease of the corpus callosum will be found collected in the works of 
Treviranus, Biologie, vi. p. 2.58; and Burdach, Op. cit. 

I M. Bazin (in a Memoir presented to the Academic des Sciences on Oct. 24, 18.39) 
has minutely described nervous filaments arising from the anterior and posterior sur¬ 
faces of the pituitary gland, and anastomosing with the carotid and cavernous plexuses 
of the sympathetic; and has named it in consequence of these connections the cephalic 
ganglion. It is difficult to say what importance should be attributed to these observa¬ 
tions of M. Bazin; for only a short time previously M. Rathke had described the de¬ 
velopment of the pituitary gland as taking place by the protrusion upwards of the 
mucous membrane of the mouth, so as to form a diverticulum projecting into the base 
of the cranium, which subsequently becomes cut off from the buccal cavity, and at the 
same time attaches itself to the infundibulum of the brain. (See Muller’s Archiv. 
1838, p. 482, and 1839, p. 227.) 
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organ participate in the functions of each other; and we can only in a 
general way regard as certain, that organic diseases in one part of the 
brain may induce changes in the function of other parts; but from these 
facts, and the results of pathological anatomy, we cannot always draw 
certain conclusions. Degenerations in the most various parts of the 
brain, which appear from experiment to have no immediate connection 
with the central organs of the sense of vision, nevertheless frequently 
cause blindness; and at this we must be the less surprised, since, even 
in diseases of the spinal cord, as tabes dorsalis, imperfect amaurosis is a 
frequent symptom. 

The same remark applies to the relation of lesion of the different parts 
of the brain to mental diseases; the brains of insane persons frequently 
presenting degeneration in parts which are not the essential seat of the 
intellectual functions. Abundant confirmation of what we have here 
said is afforded by the collection of cases, and the calculations which 
Burdach has given, relative to the coincidence of disease of different 
parts of the brain with certain changes of the functions. It must be 
further remarked, that a chronic disease, which acts merely by exerting 
pressure, and does not produce complete atrophy, may, by its gradual 
development, prepare and accustom the depressed parts to its presence. 
Hence the great difference between the effects of chronic and those of 
sudden lesions of the brain. Thus important parts may be pressed upon 
without their functions being essentially disturbed; as in a case detailed 
by Cruveilhier, in which the pons Varolii and the crura cerebri were 
compressed by a pearl-like fatty tumour of slow growth, although 
neither the power of motion nor sensation was affected. 

VII. Of the Laws of Action of the Brain and Spinal Cord, 

We have here to consider the laws according to which nervous actions 
are propagated in the fibrous structure of the brain and spinal cord. 
Our knowledge is on this subject as imperfect as it is complete with re¬ 
ference to the propagation of nervous action in the nerves. The primi¬ 
tive fibres of a nerve lying in the same sheath do not communicate their 
particular states from one to another; their action is propagated in each 
in an isolated manner from the periphery to the central organs, and 
from these back again to the periphery. If, as we have shown to be 
probable, these fibres be tubes containing nervous matter, the walls of 
the tubes would appear to have an insulating relation to the action of 
their contents. On the other hand, in the brain and spinal cord, the 
nervous matter is not contained in such distinct tubes; and between the 
fibres there is, particularly in the grey substance, a granular matter, 
which appears to facilitate the communication of influences from one 
fibre to another, even where no anastomosis of fibres exists. Hence, 
perhaps, the proneness to the propagation of a particular state of one 
part of the brain and spinal cord to another part, and the phenomena of 
the reflection of impressions from the origin of sensitive roots upon the 
contiguous motor roots of the nerves. Still, however, the propagation 
of nervous action in the fibres of the spinal cord generally follows more 
readily the direction of the fibres than any other course; otherwise the 
excitation of the roots of particular nerves to motor action, and the in- 
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fluenco of the brain on the nerves of the opposite side of the spinal cord, 
would not be possible. The laws of action of the grey substance in the 
interior of the brain and spinal cord, and on the surface of the brain, are 
unknown. We must also be content to exclude from consideration the 
influence of the fibrous structure of the brain in all the intellectual 
functions. 

Having already considered the phenomena of the reflection of nervous 
action from sensitive upon motor fibres through the medium of the 
spinal cord, no explanation of which is afforded by the structure of the 
latter organ or of the brain, we have here to investigate the motor 
apparatus of the central organs, and still more the paths of the propa¬ 
gation of sensations and motions, and the crossing of the sensitive and 
motor influences in them. 

With regard to the motor apparatus, we must distinguish between 
those which, when wounded, excite convulsions, and those, the mutila¬ 
tion of which diminishes the motor power without causing muscular 
spasms to ensue. This is an important distinction, which we owe to 
Flourens, and must, at a future period, have a great influence on the 
pathology of cerebral diseases. Experiments of M. Flourens and M. 
Hertwig show that the first class of motor apparatus includes only the 
corpora quadrigemina, the medulla oblongata, and the spinal cord; to 
the latter class belong all the other motor apparatus of the encephalon, 
namely, the optic thalami, the corpora striata, and the cerebrum gene¬ 
rally as far as it has any motor influence, the pons Varolii and the cere¬ 
bellum. By injuries inflicted on these parts, the power of motion is 
enfeebled, but no convulsions are excited; while injury to the medulla 
oblongata and spinal cord infallibly excites convulsions. Although, 
therefore, owing to the reaction of different parts of the brain on each 
other, it is probable that other parts than the corpora quadrigemina and 
medulla oblongata may, in disease, excite convulsions by sympathy; 
and, indeed, pathology teaches us that such is the case; yet, from the 
facts above-mentioned, we may infer that, when the power of motion 
of the limbs is defective from disease in the central organs, the cause 
may be seated either in the corpus striatum, thalamus opticus, hemi¬ 
spheres, pons, cerebellum, medulla oblongata, or medulla spinalis; but 
that in cases of convulsions, or convulsion with paralysis dependent on 
disease of the brain or spinal cord, the seat of the disease is more likely 
to be the corpora quadrigemina, spinal cord, or medulla oblongata, than 
the other parts of the nervous centres. 

Another important circumstance with reference to the laws of action 
of the brain and spinal cord, is the crossing of the nervous actions in 
them. From experiments on animals, and pathological observations, it 
results that lesions of the spinal cord and medulla oblongata always 
cause convulsions or paralysis on the same side of the body. This is 
quite intelligible in the case of the spinal cord, for in it there is no 
decussation of the fibres of the two latter halves; but, with reference 
to the medulla oblongata, the above result of the experiments of 
Flourens and Hertwig is not perfectly consonant with the anatomical 
structure of the part; for since, in the medulla oblongata, the fibres of 
the corpora pyramidalia certainly decussate, while those of the other 
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fasciculi continue their course on the same side of the spinal cord, it 
would be expected that, according to the part of the medulla oblongata 
affected by the lesion, the consequences would be observed on the op¬ 
posite or on the same side of the body. M. Lorrey had, indeed, ob¬ 
served that when wounds were inflicted upon the medulla oblongata, 
the convulsions were constantly on the same, the paralysis on the op¬ 
posite side of the body. To this result, however, those of the experi¬ 
ments of Flourens and Hertwig are directly opposed; but we must 
recollect that their experiments were instituted principally on the lateral 
fasciculi only which do not decussate; and it is very probable that, if 
the corpora pyramidalia be wounded above the decussation of the 
fibres, the effects produced would be seen on the opposite side of the 
body. Injuries inflicted on the cerebellum, the corpora quadrigernina, 
and cerebrum are always productive of loss of power on the opposite 
side; and mutilation of the hemispheres and corpora quadrigernina, of 
blindness of the eye of the opposite side. Such is the general result of 
the experiments of Flourens and Hertwig. With reference to the cere¬ 
bral hemispheres, it had been already proved, partly by experiment, 
and partly by pathological observations by Caldani, Arnemann, Val¬ 
salva, Wenzel, and others. (See Treviranus,Biologie^v\.^. 117.— Bur- 
dach, loc. cit. iii. p. 365.) M. Magendie has come to the same conclusion 
with regard to the cerebral hemispheres; and by extirpation of one eye 
in birds he has produced atrophy of the opposite optic lobe. The in¬ 
fluence of injury of the corpora quadrigernina, is, according to M. 
Flourens, produced both in the anterior and in the posterior direction 
on the opposite side; anteriorly in the eyes, posteriorly in the other 
parts of the body. Pathological observations confirm, for the most 
part, these results; the rare exceptions which have been met with are 
collected by Treviranus and Burdach. According to Burdach’s calcu¬ 
lation, in two hundred and sixty-eight cases of lesion of one side of the 
brain, ten presented paralysis on both sides of the body; and two hun¬ 
dred and fifty-eight, hemiplegia, in only fifteen of which was the para¬ 
lysis on the same side as the lesion. The convulsions were in twenty- 
five cases on the same side as the disease; in three cases, on the opposite 
side. 

These facts explain the origin of a dogma which has prevailed since 
the time of Hippocrates, namely, that in wounds of the brain the con¬ 
vulsions occur on the wounded, the paralysis on the opposite side. In 
fact, if the wound have a certain direction, it may produce both these 
effects at the same time, by implicating different parts. No one has 
contributed to elucidate these difficulties so much as M. Flourens: he 
has shown that injury of the spinal cord and medulla oblongata causes 
paralysis and convulsions on the same side, and injury of the corpora 
quadrigernina paralysis and convulsions on the opposite side; while 
injury of the thalami, corpora striata, and hemispheres of the cerebrum 
and cerebellum, induces paralysis on the opposite side of the body with¬ 
out convulsions. If both cerebellum and medulla oblongata were 
wounded simultaneously on the same side, paralytic weakness of the 
opposite side, and convulsions and paralysis of the same side as the 
injury, were the consequence. Although Flourens {^Sur le Syst. Ner- 
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veux, p. 110,) has, by his experiments, thrown much light on the cross 
effects of lesions which give rise to paralysis and convulsions, yet he 
appears to have gone too far in concluding that lesions on one side of 
the cerebrum cannot give rise to convulsions on the same side of the 
body; for it is very remarkable that in the cases of lesion of one side 
of the brain, collected by Burdach, convulsions occurred in twenty-five 
cases on the same side of the body as the disease; in only three casef 
on the opposite side. Of these cases, those are, with reference to oUt 
inquiry, especially important in which there was paralysis on the op¬ 
posite side, with convulsions on the same side as the cerebral lesion. In 
thirty-six cases of lesion of one corpus striatum, attended with paralysis 
of the opposite side of the body, convulsions occurred on the same side 
as the cerebral disease in six instances, and in no instance on the op¬ 
posite side. This appears to be very much in favour of the old opinion 
that, when convulsions occur in cases of lesion of one side of the brain, 
with paralysis of the opposite side of the body, they most frequently 
affect the same side as that on which the cerebral lesion is seated. 

When the decussation of the corpora pyramidalia of the medulla 
oblongata became known, it could not fail to be perceived that the cross 
actions of the brain upon the body were thereby explained. The oc¬ 
currence of the paralysis on the opposite side of the body to the cerebral 
lesion also proves that these decussating fasciculi themselves are the 
parts of the medulla oblongata principally engaged in conducting the 
motor influence of the brain to the trunk; whilst the fact, that the other 
fasciculi of the cephalic portion of the cord do not decussate, aflords an 
explanation of those more rare cases in which lesions of the brain pro¬ 
duce their effects on the same side of the trunk. 

There is greater difficulty in explaining the modes of action of the 
brain in its influence on the cerebral nerves of the opposite or same side 
of the body. For since these nerves arise, for the most part, above the 
point of decussation of the pyramidal bodies, the structure on which 
the cross action of injuries of the brain on them depends must have 
some other seat; and, what involves the question in still more difficulty 
is, that in man the nerve of the same side is as frequently affected as 
that of the opposite side in cases of cerebral lesion. For a detail of 
facts, I must refer to Burdach’s work, in which an admirable industry 
is displayed. In twenty-eight cases of cerebral lesion of one side, the 
muscles of the opposite side of the face were paralysed; in ten cases, 
those of the same side. Paralysis of the eyelid was in six cases on the 
same side; in five, on the opposite. Paralysis of the muscles of the 
eyeball, in eight cases on the same side; in four, on the opposite. 
Paralysis of the iris, in five cases on the same side; in five also on the 
opposite. {Burdach, op. cit. iii. p. 372.) The tongue is generally 
drawn towards the paralysed side of the face. 

Cerebral lesions in man as frequently cause paralysis of the retina of 
the same as of that of the opposite side. Since each optic nerve derives 
a root from both hemispheres, this is in some measure intelligible. But, 
according to the theory of the optic nerves, a lesion of one side of the 
brain ought to produce not entire blindness of either retina, but merely 
paralysis of one half of each, (see the account of single vision with the 
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two eyes in the 5th Book,) so as to cause blindness of the right or left 
side of the two eyes, which has, indeed, been observed as a temporary 
symptom. (See Mailer's Physiol, des Gesichtsinnes, p. 93.) This, 
however, is not the ordinary effect of paralysis of one side of the brain; 
usually, either one eye or the other is entirely blinded. It is remarkable 
that in animals lesion of one side of the brain always causes blindness 
of the opposite eye; the difference of this result, from what takes place 
in the human subject, is explained by the structure of the commissure 
of the optic nerves in animals: nearly all the fibres of the two nerves 
decussate. This structure is necessary in them; since, from the direction 
of their eyes, the greater part of the field of vision of each embraces 
entirely different objects. Only the objects in the middle line throw 
their image on both retinae; a small part only, therefore, of the retina 
of the one eye is identical in sensation with that of the other, and re¬ 
ceives its fibres from,the same side of the brain. 

From the preceding facts, relative to the laws of action of the brain, 
and from those before detailed relative to the action of the spinal cord, 
we may form a classification of the different kinds of paralysis and 
convulsions, based on differences in the seat of the lesion which pro¬ 
duced them. 

1. Paralyses .—Paralysis may have its seat in individual nerves, and not in the 
brain and spinal cord; or it may be the result of disease in the latter pans. The local 
paralytic affections of nerves arise from any cause which destroys their power of pro¬ 
pagating nervous action; as rheumatic affections, division, tumours, &c. The greater 
number of paralytic affections, however, are dependent on lesion of the central organs, 
the brain, and spinal cord. In these cases, the paralysis affects either a vertical half 
of the body, hemiplegia, or a horizontal half, paraplegia. In the first form, the cause 
has its seat on one side of the brain and cord: in the second form, it is generally 
seated on both sides, but may be on one side only; for paraplegia is often produced 
when the disease implicates one side only of the brain.[1] 

a. Paralysis from disease of the spinal cord .—In this class of cases, the seat of the 
disease is generally indicated by the extent of the parts paralysed. If merely the 
lower extremities and sphincters have lost their power, it is generally only the lowest 
portion of the cord that is affected; if the disease be seated at a higher point, a larger 
part of the body will be paralysed. If the disease affect the cord below the origin of 
the fourth cervical nerve, the paralysis will embrace the upper extremities, alone or 
together with all the parts below them, hut not the phrenic nerve. If lesion affects 
the cord at a higher point than this, the phrenic nerve also is deprived of its power. 
Lesion of the medulla oblongata paralyses the cerebral nerves which arise from it, as 
W’ell as the whole trunk. 1 am acquainted with a case of disease of the medulla 
oblongata from the pressure of a small tumour, in which imperfect paralysis gradu¬ 
ally affected all the muscles of the body simultaneously; the upper and lower extre¬ 
mities, the tongue, eye, and face, were all partially paralysed. In the majority of 
cases of paralysis from disease of the spinal cord, the seat of the lesion is indicated 
by the extent to which the paralysis extends upwards. Injury to the lumbar portion 
of the cord constantly paralyses the lower, and never the upper extremities. If the 
arms be paralysed, the lesion must have its seat above the origin of the brachial 
nerves; but the lower limbs are in this case not necessarily affected. The effects of 
disease of the spinal cord are always seated on the same side as the lesion. If it be 
the sensibility of the limbs that is lost, the cause most probably, but not certainly, 
has its seat in the posterior columns of the cord; if it be motion which is lost, the 
anterior columns are more frequently, but not constantly, the seat of the lesion. Para¬ 
lysis from disease of the spinal cord is sometimes complete, sometimes incomplete: 
when complete, the propagation of cerebral influence is wholly interrupted at some 
point; when incomplete, the influence of the will is still transmitted to the muscles, 
but the intensity of the motor power is lost; this is what is observed in atrophy of 
the spinal cord, or tabes dorsalis. 
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b. Paralysis from disease of the encephalon .—The paralytic affections of this class 
may present themselves in any part of the trunk, in the face as well as in the upper 
and lower extremities. Paralysis of the muscles of the leg, or of the sphincters, 
may, therefore, be the result of disease either of the brain or of the spinal cord. It 
may be inferred to depend on disease in the brain, when other parts or functions are 
affected, which are under the influence of cerebral nerves; as, for example, the muscles 
of the eye, the functions of vision, and hearing, speech, or the movements of the 
tongue, the muscles of the face, &c. The paralysis may consist, likewise, either of 
loss of motion or of loss of sensibility, or of both. Paralysis of the motor power 
may depend on lesion of the corpora striata, the optic thalami, the investments of the 
cerebral hemispheres themselves, the corpora quadrigemina, the pons, the medulla 
oblongata, or the cerebellum. Serre.s, Bouillaud, and Pinel-Grand-Champ maintain 
that they have found paralysis of the upper extremities more frequently dependent on 
disease of the thalami optici; paralysis of the lower extremities, on disease of the 
corpora striata; but this is by no means well established. When it is the sensibility 
of the parts that is paralysed, the seat of the disease may be very various. Blindness 
is most frequently caused by disease of the cerebral hemispheres, particularly of the 
optic thalami, or by disease of the corpora quadrigemina. Loss of common sensation 
is most frequent in disease of the medulla oblongata. Paralysis from disease within 
the head may likewise be complete or incomplete; the loss of motor power is most 
prone to be complete when the lesion is seated in the corpora striata, optic thalami, 
crura cerebri, or pons. Incomplete paralysis is most generally dependent on disease 
of the cerebral hemispheres, or of the cerebellum. The paralysis is most apt to be 
attended with convulsions or spasmodic contractions of muscles when the corpora 
quadrigemina, the medulla oblongata, or the parts at the base of the cerebrum, are the 
seat of the disease. Paralysis of the trunk is generally on the opposite side to the 
disease; paralytic affections of the head as frequently on the same as on the opposite 
side.* 

2. Convulsions .—The cause of convulsions may be seated in the nerves themselves, 
in the brain, or in the spinal cord. 

a. Prom disease of the nerves .—Such are the convulsions caused by the reflection on 
motor nerves, by the spinal cord and brain, of an influence communicated to them, 
either from local diseases of nerves as tumours, or neuralgic affections; from any 
strong impression on sensitive nerves; or, in children, from any local disease. 

b. From disease of the spinal cord .—These are regulated by the same laws as para¬ 
lytic affections from disease of the same part. 

c. Prom disease of the brain .—These also observe the same laws as paralysis from 
cerebral disease. It is, however, to be remarked, that lesions of the cerebral hemi¬ 
spheres, the cerebellum, and the pons Varolii, are more prone to cause paralysis; 
lesions of the corpora quadrigemina and medulla oblongata, to cause both paralysis 
and convulsions. 

Having thus investigated the laws of the propagation of nervous in¬ 
fluence in the brain and spinal cord, we have, in the last place, to con¬ 
sider some phenomena resulting from disturbance of the equilibrium in 
the actions of the brain. Division of certain parts of the encephalon 

* An important character, and one calculated to be of great service in diagnosis, has been 
pointed out by Dr. M. Hall, as distinguishing paralytic affections dependent on disease of the 
nerves themselves from those due to lesion of the nervous centres. He has found that when 
nerves are cut off, either in experiments or by disease, from their connection with both spinal 
marrow and brain, the muscles which they supply gradually lose their irritability; while, if 
the paralysis depend on lesion of the brain or spinal cord, so that the nerves, though no longer 
subject to the will, are still connected with a part of the central organa, the paralysed muscles 
not only do not lose their irritability, but are excited by galvanism to stronger contractions 
than the corresponding sound muscles. Dr. Hall shows that in this way we may distinguish 
between paralysis of the face from cerebral disease and paralysis of the facial nerve; between 
hemiplegia of the arm or leg and disease of the nerves of those limbs; between disease of the 
spinal cord in the dorsal region and disease of the cauda equina in the lumbar region, &c. 
(See Dr. Hall’s paper in vol. xxii. of the Med. Chir. Trans, p. 316.)— Translator. 
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gives rise to phenomena which seem to indicate a disturbance in the 
equilibrium between forces opposed to each other in the two sides of 
the brain. These phenomena form a class of a quite peculiar character. 

A certain part of the brain being divided, the action of the correspond¬ 
ing part of the other side becomes exaggerated. A vertical section of 
the pons Varolii on one side causes the animal to make a number of 
revolutions towards the same side; and this motion is arrested by di¬ 
viding the pons on the other side. M. Hertwig confirms the result of 
M. Magenclie’s experiments, as to the rolling motion of the animal ex¬ 
cited by division of the pons on one side; and states, moreover, that the 
eyes were turned from their ordinary position, one upwards, the other 
downwards. A transverse section of the pons being made, the dog 
could stand, but could not advance a step without falling; voluntary 
movements could still be performed, and sensation was perfect. 

Division of the crura cerebelli {processus adpontem) likewise in M. 
Magendie’s experiments caused the animal to roll upon its axis towards 
the side on which the wound was inflicted; performing sometimes as 
many as sixty revolutions in a minute; and M. Magendie states that he 
has known them continue for a week without intermission. 

After the removal of both corpora striata, the animals manifested an 
irresistible impulse to dart forwards, even when vision was lost. 

Magendie has likewise observed that injuries of the cerebellum in 
Mammalia and birds cause a tendency to the performance of retrograde 
movements. He observed the same phenomenon after wounds had 
been inflicted on the medulla oblongata: pigeons, in which he had 
thrust a needle into that part of the encephalon, were observed by him 
for more than a month to walk backwards, never forwards; and he 
states that they actually flew backwards. 

M. Magendie has observed, lastly, that certain kinds of injury to the 
medulla oblongata are followed by the animals moving in a circle, as on 
a riding course. He performed the experiment in a rabbit three or four 
months old; he exposed the fourth ventricle, raised the cerebellum, and 
then made a perpendicular section into the floor of the ventricle at the 
distance of H to 1| of a line from the mesial line: when the section 
was made on the right side, the animal turned towards the right; when 
on the left, it turned towards the left. 

From the above important facts M. Magendie infers the existence in 
the brain of certain impulses by which the animal is necessitated to 
move in certain directions; by one forwards, by another backwards, by 
a third to the right, and by a fourth to the left: the detail of these move¬ 
ments he supposed to be directed by volition; and he imagines that in 
the normal state of the body the difl'erent impulses balance each other. 
Whether this explanation of the phenomena be the correct one, cannot 
in the present state of our knowledge be determined. It may easily be 
conceived that an animal might be impelled to such movements, if from 
the nature of the injury to the brain a certain motion of the nervous 
principle in one direction should take place in it, giving him the sensa¬ 
tion of giddiness,—that is to say, of surrounding objects, or of his own 
body, moving round,—when he would endeavour to resist this apparent 
movement, or would follow it. 



SENSATIONS OF ROTATION. 


639 


The phenomena last considered relate to the motor functions, but 
there are similar phenomena of the sensorial kind. Certain influences 
acting on the brain give rise, not to rotatory motions, but to sensations 
of rotation. These are the revolving sensations of vertigo, of which 
we are principally conscious by the sense of vision. It is a well-known 
fact that if any person turns round quickly upon his own axis for a 
short time, he not only begins to lose his recollection, but also, when he 
ceases to move, seems to see the objects around him still revolving in 
the same direction. Purkinje has made some very curious observations 
relative to this phenomenon. It would appear from his experiments, 
that the direction which the revolution of the images shall take can be 
regulated by the position of the body, and particularly of the head while 
turning round, and by the position of it afterwards when we have ceased 
to move round. It is only when the experimenter has kept his head 
in the ordinary vertical position while turning round, that afterwards, 
when he stands still with his head upright, the objects appear to revolve 
ill the horizontal direction. If while turning he holds his head with the 
occiput upwards, and then raises it when he stands still, the apparent 
motion is like that of a wheel placed vertically revolving around its axis. 
And thus, according to the difference in the position of the head when 
turning and when standing still afterwards, the direction of the apparent 
revolving motion can be altered. If, however, the body lying upon a 
disk is made to revolve with this disk, an apparent motion of objects in 
tangents is perceived. It results from a repetition of these experiments 
that the apparent motion produced, when the rotation of the body has 
ceased, and the position of the head is changed, always seems to take 
place in the plane perpendicular to that axis of the Ifead, regarded as a 
sphere, around which the real motion was performed. From this re¬ 
markable result Purkinje infers that turning of the head and whole 
body gives to the particles of the brain the same tendencies to particular 
motions as the particles of a revolving disk receive, and that this dis¬ 
turbance of their state of rest is manifested by the apparent movements 
of vertigo. We might perhaps better explain the phenomenon by sup¬ 
posing it to result from the impressions of the blood in a particular 
direction on the cerebral substance. It is possible, however, that the 
revolving motion of the body may cause an aberration of a more subtile 
principle than the particles of the cerebral substance or blood,-^in fact, 
an aberration of the nervous principle itself, such as affects the sen- 
sorium so as to produce the apparent motions of objects. It is certain 
that narcotic substances give rise to the vertiginous sensations of the 
motions of objects, although they produce no mechanical disturbance of 
the brain. But in whatever manner they be explained, these sensorial 
phenomena afford a very interesting parallel to the revolving motions of 
the body, caused by a disturbance of the equilibrium of nervous actions 
in motor parts of the brain. 
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OF MOTION; OF VOICE AND SPEECH. 


SECTION I. 

OP THE ORGANS, PHENOMENA, AND CAUSE OP MOTION IN ANIMALS. 

CHAPTER I. 

Of the different kinds of Motion and Motor Organs. 

The vital motions of the solid parts of animals present two principal 
kinds, differing in the organs of their production, in their phenomena, 
and in their causes: they are, the motion from contraction of fibres, and 
the oscillatory motion of cilia with free extremities, in which no other 
organic apparatus of motion can be distinctly demonstrated. The first 
kind of motion is produced by the shortening of fibres, which either 
have a longitudinaj direction and are fixed at both extremities, or form 
circular bands; the contraction or shortening of the fibres bringing the 
fixed parts nearer to each other. This kind of motion is generally 
effected by means of muscular fibres; in some few instances it is pro¬ 
duced by fibres which differ from the muscular in structure and chemi¬ 
cal properties. The second kind of motion consists in the vibration, in 
a determinate direction, of microscopic cilia with which the surfaces of 
certain membranes are beset. Here only the base of the motor organ 
is attached. By the motion of the contractile fibres, and especially by 
muscular motion, solid parts of the body are approximated to each other, 
or fluids are impelled onwards in muscular tubes. By the motion of 
cilia, fluids and minute microscopic particles of solid matter are merely 
made to move over the surface of membranes; the fluids do not here 
fill the entire cavity of the tubes, nor do the membranes themselves con¬ 
tract. The motion due to contractile fibres prevails much more exten¬ 
sively through the body than the ciliary motion. 

The muscular fibrous structure is distributed in three strata, the ar¬ 
rangement of which is connected with the earliest process of organisa¬ 
tion. All the systems of the body are developed from the laminae of 
the germinal membrane, which originally covers the yolk in the form 
of a disk; this membrane is formed of three layers, the external or 
serous, the internal or mucous, and the middle or vascular layer: and 
when the embryonic portion has become separated from the rest of 
the germinal membrane by a constriction corresponding to the future 
umbilicus, the parts of the body endowed with animal or voluntary 
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motion are developed in the external layer; those endowed with organic 
or involuntary motion in the internal layer; and in the middle or vas¬ 
cular layer is formed the heart, together with all the parts belonging to 
the vascular system, which, at a later period, ramify in the structures 
developed in the external and internal laminae. The portion of the 
body formed in the external layer of the germinal membrane separates 
into the different structures of the animal nervous system, the osseous 
system, the system of voluntary muscles, and the skin. The portion of 
the body developed from the mucous layer separates into the different 
structures of organic life, namely, the fibrous structures forming the sup¬ 
port of the different organs, such as the fibrous tunic of the intestinal 
tube, (the tunica nervea of the older anatomists,) the serous membranes, 
the mucous membranes, the muscular coat lying between the fibrous 
and the serous, and, lastly, the organic nervous system. [Von Baer^ 
Eniivickelungs-geschichte. SchoUen.) This organic portion of the body 
includes the intestinal tube, the urinary and the generative apparatus, 
all of which have in nearly their whole extent an organic muscular 
layer, which is the sole cause of all the motions they exhibit. The 
proper pharyngeal muscles and the perinaeal muscles, which are en¬ 
dowed with voluntary motion, and belong to the animal portion of the 
body developed in the external lamina, are not here included. Even 
the efferent ducts of the accessory glands of the organic systemTiave a 
muscular coat continued on them from the muscular layer of the great 
tubes; for, though the muscular coat of these ducts has not, it is true, 
from their delicacy, been demonstrated so plainly as the other mem¬ 
branes, yet its presence is certain: the ductus communis choledochus^ 
the ureters, and the vasa deferentia have been seen to contract, both 
spontaneously and under the application of stimuli. That the efferent 
ducts and their glands are originally developed from the walls of the 
tubes into which they open is an ascertained fact, at least, with regard 
to the glandular apparatus of the intestinal tube. 

The muscles of animal life are distinguished from the pale muscular 
coats of the organs of the organic portion of the body, which are not 
subject to volition, not merely by their moving under the influence of 
volition, by their red colour, and their solidity, but even by the great 
difference of their microscopic character. We see that the primitive 
muscular fasciculi of the animal system present, under the microscope, 
transverse markings, and that the primitive fibres of these muscles have 
regular varicose enlargements following each other in close succession; 
while the fasciculi of the muscular coats of the intestines, urinary blad¬ 
der, and uterus are destitute of those cross markings, and their primitive 
fibrils uniform, not varicose, threads. In the oesophagus the two sys¬ 
tems border closely on each other; the muscles of the pharynx belong 
to the animal system, those of the oesophagus to the organic; but the 
first fourth of the proper oesophagus receives an investment from a 
stratum of muscular fasciculi, descending on it in an arched form to a 
defined limit, in which Schwann has discovered the transverse mark¬ 
ings and the fibrils of varicose structure; these, however, belong to the 
pharyngeal muscular apparatus: no such fasciculi are met with on the 
rest of the oesophagus. But according to M. Ficinus [De Fibras Mus~ 
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cular, formd et structurd. Lips. 1836, p. 13,) and M. Valentin [Re- 
pertorium, 1837, Bd. i. p. 86,) the muscular fibres of animal life descend 
on the oesophagus even to the cardia, and in man as well as many mam¬ 
malia can be seen radiating out on the cardiac extremity of the stomach. 
Ficinus has also found the animal fibres in the intestine near the rectum, 
and in the stomach of birds. 

The animal system of perinaeal muscles, with the-sphincter ani, also 
comes into contact with the organic system of the intestinal canal at the 
anus. The same is the case in the urinary apparatus; for, according to 
my observation, the red muscular fasciculi which surround the mem¬ 
branous part of the urethra present the cross markings, and their primi¬ 
tive fibrils are varicose; while the proper muscular fibres of the urethra 
are pale, and without transverse markings, and their primitive fibrils 
like those of the intestines. 

From the middle lamina of the germinal membrane is formed the 
vascular system, with the heart. This system, which, in the course of 
its development, ramifies in the two other laminae, is furnished with 
contractile fibres at certain points only; namely, in the heart, at the 
commencement of the venae cavae and pulmonary veins, and in the 
lymph-hearts of reptiles and amphibia. All other parts of the vascular 
system are devoid of muscular fibres, though the whole arterial system 
possesses in its middle coat a highly elastic structure, which must not, 
however, on account of its extraordinary elasticity, be confounded with 
the contractile muscular fibre. The muscular tissue developed in the 
vascular layer of the germinal membrane, although its motion is not 
under the influence of the will, does not belong to the same class of 
muscular tissue as the involuntary muscles of the organic system; it is 
red, and its whole structure is exactly similar to that of the muscles of 
animal life: the primitive fasciculi have the transverse markings, and 
the primitive fibrils are varicose. 

The muscular fibres are not the only ones endowed with vital con¬ 
tractility; there are other fibres, of quite a ditferent nature, which 
resemble those of cellular tissue both in microscopic appearance and in 
chemical properties, and are, chemically, wholly unlike muscular fibre. 
The parts in which this tissue occurs evince a slight and imperceptible 
degree of contractility, and are not capable of sudden contractions, such 
as can be excited in muscles: electricity also does not excite their con¬ 
traction, but cold and mechanical stimuli cause it to ensue frequently 
with considerable rapidity. As an example of such parts, the tunica 
dartos of the scrotum may be instanced; there are, however, many 
others endowed with a similar property, which will be mentioned sepa¬ 
rately hereafter. How far this insensible contractility may be possessed 
by other tissues, it has not hitherto been possible sufficiently to investi¬ 
gate; for an insurmountable difficulty in the inquiry arises from the 
slight results produced where the contraction is not very marked. It 
appears, however, that just as there are very few membranes containing 
cellular tissue, that have not the property of undergoing a change of co¬ 
hesion under the influence of chemical substances used in medicine, so a 
slight degree of contractility also is probably enjoyed by these tissues. 
Membranes which are permeable by fluids do not permit their passage 
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during life: in disease this power of resisting imbibition is frequently 
lost, and after death it always ceases. Our ideas concerning the increased 
laxity of tissues and astringent substances, as far as they are founded on 
observations, presuppose a variability in the power of opposing the per¬ 
meation of fluids, which, according to physical laws, must ensue. 

The second primary kind of motion in animals, that of vibrating cilia, 
is observed on certain membranes both in the animal and in the organic 
portion of the body; and it is in some measure probable that it exists, 
at least in some of the lower animals, in the vascular system also, 
namely, in the interior of the vessels. It is seen in many of the lower 
animals in the animal part of the body, namely, over the entire surface. 
In the higher animals it is seen on the surface of the body during the 
embryo state only, as in the embryo of the frog; and, in some animals, 
in the larva state, as in the tadpole; but it has been discovered by Pur- 
kinje to exist in the parietes of the ventricles of the brain, both in the 
embryonic and adult state of mammalia. In the organic portions of the 
body the mucous membranes (not all of them) present it, even in the 
highest animals, up to man himself. It is possible that the motion of 
nutritive fluids which is observed in the lower animals where there is 
no heart and no distinctly contracting vessels, is, in all cases, merely 
the efiect of the motion of cilia; and the circular m(^tion of the sap in 
the cells of many plants may be produced in a similar way. The 
phenomena of this kind have been described at pages 48 and 166; they 
do not in any way tend to confirm the idea of a spontaneous motion of 
fluids. 


CHAPTER II. 

OF CILIARY MOTION.* 

The phenomena of ciliary motion were observed in the Mollusca by De Helde, 
Leeuwenhoek, Baker, Swammerdam, and Baster, although the mode of their pro¬ 
duction was not explained until a much later period. The cilia on the surface of 
the infusory animalcules were distinguished by Leeuwenhoek, who described their 
motion and use. They were afterwards observed by Baker. De Heide and Leeu¬ 
wenhoek noticed the currents on the surface of the branchiae of Mussels; Swammer¬ 
dam, Leeuwenhoek, and Baster observed the whirling motion of the embryo of 
Mollusca in the ovum. The former phenomenon has recently been minutely described 
by M. Erman and Dr. Sharpey, the latter by Cams. 

The first observations relative to the existence of ciliary motion in vertebrate ani¬ 
mals were made by Steinbuch, who remarked the currents in the water around the 
branchiae of the Batrachia, but he did not recognise their cause, and sought in vain for 
cilia. Gruithuisen discovered the phenomenon on the tail of the larva of the frog; 
and Dr. Sharpey described the existence of the currents not only around the branchiae, 
but over the whole surface of the body of the tadpole; similar observations with re- 

* Tt*' principal writings on ciliary motion are those of Purkinje and Valentin, in Muller’s 
Archiv. i. p 391, ii. 159; their work, De Plitenomeno generuli et fuiidarnenlali niotus vibra* 
torii conlinui in membranis, &.c. Vratisl. 1835, 4; and a paper in the Nova Acta Nat. Cur. t. 
xvii.; Sharpey, in Edinb. Med. and Surg. Juurn. vol. xxxiv. July, 1830; Edinb. New Phil. 
Journ. vol. xix. July, 1835; and Cyclopedia of Anat.and Phys. Art. Cilia; Grant, Edinb. New 
Fhilus. Journ. 1826; Edinburgh Journal of Science, 1827. 
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spect to the branchiae were made by Huschke, Raspail, and myself. It remained, 
however, for Purkinje and Valentin* to make the important discovery, not only that the 
phenomenon in question was in the Batrachia, as in the invertebrata, dependent on the 
oscillation of cilia, but that it exists, from the same cause, on the surface of the 
mucous membranes of birds, reptiles, mammalia, and man. It appeared to be absent 
in fishes; it exists, however, in them also. 1 will now give an account of the most 
important facts relating to this subject, with some remarks upon them. 

a. Of the different parts of animals in which the ciliary motion exists. 

The ciliary motion has in different animals been observed on the external surface, 
in the alimentary canal, in the respiratory system, in the generative organs, in the 
cavities of the nervous system, and on the surface of serous membranes. 

1. The external surface presents the ciliary motion in the Infusoria, in the coralline 
Polypifera (the Bryozoa, in contradistinction to the Anthozoa,f of Ehrenberg); in the 
Actiniae and Asterias also, according to Dr. Sharpey; in the Echinus, according to 
Ehrenberg; in the Acalepha; in the Mussel (on the mantle); in the Gasteropoda 
(snails); terrestrial and aquatic (over the whole surface); in the Turbellaria of 
Ehrenberg, and in the Spermatozoa. In the higher animals the ciliary motion is not 
observed on the external surface, except in the embryo, and in the very young larvae of 
amphibia. During the earliest period of the larva state, the whole superficies of the 
body was seen by Dr Sharpey, and by Valentin and Purkinje, to present the ciliary 
motion; afterwards, the extent to which the phenomenon is observed, becomes gra¬ 
dually less, until it is confined to the root of the tail and the sides of the head; and 
when the extremities have become developed it has wholly disappeared. 

2. Alimentary cant ^.—Purkinje and Valentin have discovered the ciliary motion in 
the alimentary tube of reptiles; but only at its upper part, namely, on the internal 
surface of the mouth, the Eustachian tube, the pharynx, and, in the chelonia (turtles 
and tortoises,) and serpents, in the oesophagus also. In mammalia and birds the 
ciliary motion does not exist either in the cavity of the mouth, or in the pharynx and 
oesophagus. 

3. Respiratory organs .—The mucous membrane of the larynx, trachea, and bronchi, 
has been found by Purkinje and Valentin to present the ciliary motions in all the air- 
breathing veitebrata. In mammalia and birds the phenomenon commences at the 
glottis, not existing in the cavity of the mouth and pharynx in these classes. In birds 
it extends into the air-sacs which communicate with the lungs. The external branchiae 
of the larvae of the amphibia present the ciliary motion; but on the internal branchiae, 
which these larvae have in the second stage of their developement, and on the branchiae 
of fishes, the phenomenon is, as Dr. Sharpey observed, absent. 

4. Nasal cavity .—In this situation the ciliary motion is constantly present. It was 
discovered there by Purkinje and Valentin. In reptiles and amphibia, birds and 
mammalia, it occupies both the external and internal wall of the nasal cavity; and in 
mammalia the observers just named have detected it also on the mucous membrane of 
the sinuses opening into the nostrils, the frontal and maxillary sinuses, and in the 
Eustachian tube. In the rabbit the lining membrane of the lachrymal canal and sac 
presents no ciliary motion, though the phenomenon exists in the nasal cavity; the 
ciliary motion is also not present on the conjunctiva. 

5. Generative organs .—In vertebrate animals the ciliary motion has been found by 
Purkinje and Valentin to occupy the mucous surfaces of the female generative organs 
only. It is observed in the oviducts, the uterus and vagina of mammalia (not in 
young animals); and it persists even during pregnancy on those parts of the uterus 
which are not occupied by the chorion. 

The male organs do not present any ciliary motion in vertebrate animals, and it has 

* Milller’s Archiv. 1834; and afterwards in their work, De Phsenomeno, &c. 

t M. Ehrenberg (Symbolce Physic®, and Muller’s Archiv. 1834, p. 578,) divided the polypi 
into two grou()s, the Bryozoa and the Anthozoa. The Bryozoa are those which have a perfect 
intestinal canal, with a ciliated surface (whence they arc called ciliobrachiata by Dr. A. 
Farre, Pliilos. Transact. 1837). The Anthozoa have merely a digestive sac with one opening, 
and their surface is destitute of cilia. M. Ehrenberg has since made a further division of 
these Anthozoa. A similar arrangement of the Polypifera, showing the coincidence of a com- 
plete intestinal canal, with the presence of cilia on their surface, was given by Dr, Sharpey in 
his article, “Cilia,” in the Cyclop, of Anat. 



PHENOMENA OP CILIARY MOTION. 


645 


not been observed in any organs of the invertebrate, which indubitably belong to the 
male sexual apparatus. 

6. Urinary apparatus. —In the vertebrata the ciliary motion is entirely wanting in 
the urinary organs. But Purkinje and Valentin have detected it in the saccus calcareus 
of snails, an organ which opens upon the surface of the body near the anal aperture^ 
and which, from containing uric acid, may be regarded as the kidney of these animals. 
Henle also has seen the ciliary motion in this organ. 

7. The ventricles of the brain. —The ciliary motion has been discovered on the lining 
membrane of the ventricles of the brain by Purkinje, who has with M. Valentin ex¬ 
amined it in this situation in man, many mammalia, birds, amphibia, and fishes. It 
extends through all the ventricles of the brain, and all the cavities of the brain and 
spinal cord in the foetus and embryo.* * * § 

8. The serous membranes (the pericardium and peritoneum in the frog) have been 
stated by Mayerf to present the phenomenon, and the observation has been confirmed 
by M. Valentin.:^: 

From the review which we have thus taken of the parts which present the ciliary 
motion, it is evident that it is a phenomenon which exists very generally in the animal 
kingdom; but that the extent to which it prevails in the different classes of animals is 
very various. In no class of animals except the crustacea?§ is it entirely wanting. 

The vibrations of cilia are also the cause of the motions of the embryos of many 
animals in the ovum, and of the motion of the free ova (or, more correctly, embryos,) 
of several of the lower animals, as the Radiata and Polypifera. 

b. Of the phenomena of ciliary motion. 

It requires a high magnifying power to perceive the ciliary motion in most animals. 
To see it, a very small piece of any mucous membrane on which it exists should be 
moistened with water and covered with a plate of glass, by which it is spread out, and 
its border rendered clearly visible. With the aid of a powerful microscope the phe¬ 
nomenon of the ciliary motion may then be seen. First, there is the appearance of an 
undulation, and the small bodies floating in the water are seen near the border of the 
membrane to be driven along in a determinate direction. With a still higher magni- 
fying power, the cilia themselves may sometimes be recognised, although seldom very 
distinctly, on account of the great rapidity of the motion. Often the effect of the 
action of the innumerable moving organs is so great, that it is necessary to be quick 
in making the observation, lest the entire portion of the membrane should escape from 
the field of vision. The influence of the ciliary motion on the fluids and small bodies 
which are in contact with the ciliated membranes may also be very well shown by 
strewing on the surface a fine powder. The motion of the cilia is so active on the 
branchiae of the larva of the salamander, or of the mussel, that small portions of those 
organs, when placed in water, are regularly whirled round. 

The motion of the cilia, having a uniform direction, gives rise to currents over the 
surface of the mucous membranes. The direction of these currents on most parts has 
been already determined by the labours of Dr. Sharpey, and of Purkinje and Valentin, 
The direction of the current in the trachea of a hen was found by Purkinje and Va¬ 
lentin to be from without inwards; in the oviduct it was from within outwards: the 
supposition, therefore, that the semen is conveyed to the ovum by ciliary motion, is 
not capable of proof. On the inferior turbinated bone of a rabbit the current was as¬ 
certained by Dr. Sharpey to be directed from behind forwards; in the antrum it 
appeared to be directed towards the opening of the cavity. In the cavity of the mouth 
of the batrachian amphibia the current produced by the ciliary motion is, both on the 
floor and roof of the cavity, directed towards the oesophagus. At the palatal entrance 
of the nostril, in a lizard, the current on the inner side of the* opening carried small 
particles of powder into it; on the outer side it carried them out into the mouth. 

c. Of the organs which produce the ciliary motion. 

The organs of the ciliary motion are, according to Purkinje and Valentin, delicate 

* Mttller’s Arcliiv. 1836, 983, and Valentin’s Repert. 1837, Bd. i. p. 156. 

+ Suppicmente zur Lehre vom Kreisluufe, Pt. ii. p. 7. Frorieple Notiz. No. 1024. 

t Reperturium, Bd. i. p. 143. 

§ See Dr. Sharpey’s article, “ Cilia,” in the Cyclop, of Anat. vol. i. 
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transparent filaments, varyingr in length from 0.000075 to 0.000908 of a French inch 
j^from to English inch]. They are generally thicker at their base 

than at their free extremity: this is the form that they generally appeared to me also 
to present on the mucous membranes; on the branchiae of a new genus of annelide, 
allied to the sabella, which exists in the Baltic, they were more club-shaped. It is 
very difficult to determine the form of the cilia, but easy to ascertain their presence. 
I have seen them very distinctly in the fresh-water mussel (Anodon), on the branchiae 
of the annelide just mentioned, in the mouth of the frog, in the oviducts of rabbits, 
frogs, and fishes, and in the trachea of birds and mammalia; and I cannot understand 
how Treviranus (L. Chr.) could fail to discover them. The surface of the membranes 
which present the ciliary motion is, according to Purkinje and Valentin, composed of 
minute straight fibres, arranged parallel to each other, and united by an intermediate 
connecting matter. A similar stratum of fibres, however, exists on the surface of the 
mucous membrane of the jejunum of the turtle, on which there is no ciliary motion. 
If we understand MM. Purkinje and Valentin, these fibres are arranged perpendicu¬ 
larly upon the surface of the mucous membrane. 

The researches of Ehrenberg have made us most intimately acquainted with the 
cilia as they exist in the infusoria. 

d. Nature of the ciliary motion. 

In inquiring into the nature of the ciliary motion, we have first to consider its dura¬ 
tion and its connection with other vital phenomena. It continues, after death, at least 
as long as the animal tissues retain their irritability, and often much longer. In frogs 
and lizards it ceases, according to the observation of Purkinje and Valentin, in from 
one to two hours after death; in a fresh-water tortoise, the Emys Europaea, it continu¬ 
ed in different parts from nine to fifteen days after decapitation. It is true the mus¬ 
cles preserved their irritability, and reflex movements could be excited for seven days; 
but the ciliary motion continued equally long in parts which had been quite separated 
from the body of the animal and been placed in water. In birds and mammalia 
Purkinje and Valentin found that the vibrations of the cilia continued from three quar¬ 
ters of an hour to four hours. Light has no influence on the motions of the cilia; 
but the influence of heat is considerable. The ciliary motion will continue in mam¬ 
malia and birds, although the parts in which it is seated be immersed for a moment 
in water of a temperature of 180|° Fahrenheit; but, if the immersion be protracted 
for a longer period, the motions of the cilia are abolished. The discharge of a Leyden 
jar does not put a stop to the motion in the bivalve Union, nor does the influence of a 
galvanic battery of thirty pairs of plates, except at the spot where the wires are 
applied; and the cessation of the motion there is owing to the decomposition of the 
tissues. The ciliary motions are not affected by prussic acid, extract of aloes or 
belladonna, catechu, musk, acetate of morphia, opium, salicin, and strychnine, nor 
by decoction of capsicum, even though the most concentrated solutions of these sub¬ 
stances be used. The salts of alkalies, earths, and metals, the alkalies and the acids, 
put a stop to the motion after a longer or shorter period, according to the strength of 
the solution applied. Blood maintains the cilia in activity longer than any other 
fluid; but the serum of the blood of vertebrate animals causes the ciliary motion in 
mussels to cease immediately; bile also puts a stop to the ciliary motion. It is very 
remarkable that those substances which have a particular action on the nervous sys¬ 
tem—the narcotics, namely,—have not the slightest influence on the ciliary motion, 
which is thus distinguished as a peculiar phenomenon not dependent on nervous 
energy. Purkinje and Valentin have killed pigeons and rabbits by means of prussic 
acid and strychnine, either introduced into the pharynx or inserted into fresh wounds 
of the skin; and they mever perceived the slightest change in the ciliary motion in 
consequence of the poisoning, although they used the precautions both of not opening 
the animals before all motion had ceased in every part of the body, and also of wait¬ 
ing until pinching the limbs no longer excited automatic movements. To render the 
result still more certain, they, in their experiments on pigeons, killed a second bird, 
of the same kind and age, by bleeding; and the differences which were observed with 
reference to the ciliary motion in those experiments were only such as were owing to 
the individual peculiaritilis and age of the animals, and the peculiarities of the parts 
examined. There was, in all cases, the same absence of all effects from the narco¬ 
tisation. {Mailer's Jirchiv, 1835, p. 159.) These latter experiments are evidently 
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less conclusive as to the independence of the ciliary motion from the nervous system 
than those in which the poisonous substances were applied directly to the vibrating 
surface; for in frogs killed by narcotics the muscles and nerves retain their suscepti¬ 
bility of the influence of stimuli locally applied for a long period, while both nerves 
and muscles to which narcotics are directly applied soon lose their irritability. The 
heart alone is an exception to this rule; it continues to beat for a long time after solu¬ 
tion of opium or of the extract of nux vomica has been applied to its external surface, 
but is immediately paralysed when the same poison is applied to its internal surface. 

We do not regard the minuteness of the vibrating organs in comparison with the 
primitive fibres of the nerves as any argument against their phenomena being depen¬ 
dent on the nervous system; for the muscular fibrils themselves are so much more 
minute than the nervous fibres, the latter fibres are distributed in such small number 
in the muscles, and the mass of muscular substance which is seen by means of the 
microscope to intervene between the nervous fibres is so great, that the existence 
of an influence exerted at a distance is a necessary supposition in accounting for 
the action of the nervous fibres on muscles. Moreover, there are parts in which, 
though not in the muscles, a much more minute ramification of the nervous fibres 
appears to take place. The persistence of the ciliary motion, however, after the 
direct application of narcotic poisons, sufficiently proves the peculiarity of this 
phenomenon, and its independence of any immediate influence of the nervous system. 
An equally important fact in relation to this question is, the existence of the ciliary 
motion on the surface of the so-named ova of polypiferous animals, which are how¬ 
ever the animated, though undeveloped embryos. The extreme conditions of the 
phenomenon afford here the most interesting subject of comparison: the lowest condi¬ 
tion is that of the ciliary motion on the undeveloped embryos of polypi; the most 
perfect that of the motion of the rotatory organs of the wheel animalcules. In the 
former instance we have the phenomenon taking place on membranes devoid of special 
structure, and allied to this condition is that of the vibratory motion of cilia on the 
mucous membranes of the higher animals, which is not arrested by the action of 
strychnine and other narcotic poisons; the motion of the cilia of the rotatory organs, 
on the contrary, is effected distinctly by muscular action, and is subject to the will; 
hence certainly dependent on the nervous system: strychnine also, as Ehrenberg has 
shown, arrests this form of ciliary motion. 

In the present state of our knowledge, thus much may be advanced:— 

1. That the ciliary motion of the mucous membranes is due to the action of some 
unknown contractile tissue; 

2. Which lies either in the substance of the cilia or at their base; 

3. That this tissue resembles in its contractility the muscular and other contractile 
tissues of animals; 

4. That its properties in so far agree with those of the muscular tissue, at all events 
with that of that of the involuntary muscles of the heart; and with the vibrating laminse 
of the lower Crustacea, that the motions which it produces continue without ceasing 
with an equable rhythm; 

5. That its properties agree also with those of a muscular tissue of the heart, in its 
motions continuing long after the separation of the part from the rest of the animal 
body; 

6. That this tissue differs essentially, however, from muscle, in the circumstance of 
its motions not being arrested by the local application of narcotics; 

7. That the ciliary motion presents itself under conditions where it is not probable 
that a complicated organisation exists, namely, in the undeveloped embryos of polypi¬ 
ferous anitnals. 

The circumstance of the ciliary motions not being immediately dependent on the 
influence of nerves, constitutes a point of resemblance between them and the oscilla¬ 
tory motions of certain plants, for example, the Oscillatoria. How far this comparison 
is correct must be determined by further research. But however this may be, there 
certainly exists in the mucous membranes that present the ciliary motion, an active 
force w’hich regulates the mode of action of these microscopic organs, since the cilia 
are very frequently observed to act simultaneously in regular series. There is here a 
force, the influence of which extends beyond individual cil^p; for though the simul¬ 
taneous action of a series of cilia producing waves might be explained by supposing 
many cilia to be attached to one contractile band, yet there is also frequently observed 
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3 certain remission and acceleration of the ciliary motion over considerable tracts of a 
vibrating membrane, which must have a more general cause. 1 have sometimes seen 
a total rest of the cilia for a considerable interval over a large extent of the surface of 
the hranchire of an annelide allied to the genus Sabella, which I brought with me in 
sea>water from Copenhagen, this state of rest being again succeeded by a state of 
activity. Analogous phenomena are frequently enough observed in the vegetable king¬ 
dom; they are not necessarily therefore to be referred to a variation in the nervous 
influence. 

The explanation of the production of currents by the ciliary motion is also attended 
with difficulty. The mere vibration of cilia from one side to another cannot give any 
particular direction to a fluid. The motion of the cilia, too, in a conical space, which, 
according to the observation of Purkinje and Valentin, is the most frequent kind of 
motion, can merely give rise to the motion of the fluid in a circle around the cilium. 
For the cilia to give rise to a current of the fluid in a certain direction, it is necessary 
that they should strike and bend in one direction; snch, indeed, was the motion 
which Purkinje and Valentin observed sometimes, and that which I saw in most 
oases. But even with this motion it is necessary, in order to produce a current, that 
the cilia in returning to their erect position should present a smaller surface to the 
fluid than they do in making the stroke. According to the observation of MM. Purk¬ 
inje and Valentin, (Nov. Jet. Ixvii. pt. ii.) it is the return of the cilia from their bent to 
the erect state which gives the impulse to the water, and produces the current. 


CHAPTER III. 

OP THE MUSCULAR AND ANALOGOUS MOTIONS. 

I. Of the contractile tissues. 

Ip vve leave out of consideration the enigmatical tissue which is the 
cause of the ciliary motion, four forms of contractile tissue may be dis¬ 
tinguished; namely, the contractile tissue of vegetables, the contractile 
tissue of animals which yields gelatin by boiling, the arterial contractile 
tissue, and the muscular tissue. 

a. Of the contractile vegetable tissue. —The most remarkable of the 
phenomena of irritability presented by plants have been already de¬ 
scribed at page 45. 

The cause which influences the motion of the plants so as to induce 
the expansion of the leaves and rising of the petiole is the augmentation 
of light during the day; the light favours the ascent of the sap, and thus 
must produce turgescence of the cellular portion of the motor intumes¬ 
cence. Each portion of the cellular cylinder in the mimosa has a ten¬ 
dency to curve towards the centre or axis of the petiole; but the lower 
part is the thickest, and hence the tendency will there be strongest, and 
will, when the intumescence is rendered turgid by the influence of 
light, cause the elevation of the petiole. If, however, the lower half of 
the intumescence be removed, the tendency of the upper half, being no 
longer counterbalanced, will come into play, and depress the petiole; if 
the upper half only is removed, the lower will act with increased force, 
and raise the petiole still more, as in the experiment already mentioned. 

The fibrous tissue has the property of curving when submitted to the 
action of atmospheric air or oxygen oxigenation.’’) 

The depression of the petiole, and the folding of the leaves of the 
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mimosa and other plants when irritated mechanically, or by lieat or 
acids, is, according to M. Dutrochet, also the result of the same action 
of the fibrous tissue, which becomes oxygenated whenever the plant is 
irritated in any way, it being a fundamental theory with this physiolo¬ 
gist that excitation is in all cases merely oxidation of the living tissue, 
animal or vegetable. 

To excite the motion of the leaflets and petiole of the mimosa, it is 
not necessary that either the intumescence itself, or even the leaves, 
should be touched. The stimulus may be applied to a more or less dis¬ 
tant part. Even the roots transmit the excitation to the leaves; M. 
Dutrochet moistened a small portion of the roots of the mimosa with 
sulphuric acid, and, before there was time for absorption of the acid to 
have taken place, the leaves became folded. M. Dutrochet has satisfied 
himself that the transmission of the excitation is effected by the woody 
part of the plant, not by the cortical or medullary parts; for these he 
found might be entirely removed, and irritation above or below the spot 
would still be propagated beyond it. The excitation extends gradually 
from the points to which the stimulus is applied; first the nearest leaves, 
and then the most distant, becoming folded. The excitability is greatly 
influenced by light and temperature, as well as by the presence or ab¬ 
sence of atmospheric air. Both the excitability and mobility of the 
mimosa are lost after a few days, when the plant is deprived of light; 
the susceptibility of external stimulus being lost before the movements 
of sleep and waking cease. Variations in the temperature of the at¬ 
mosphere also cause the quickness of the transmission of the excitation 
from one part of the plant to others to vary, and at 471° Fahr. no mo¬ 
tions can be excited. 

b. Of the contractile tissue of animals lohich yields gelatin by boil¬ 
ing ,—The first traces of vital contractility in animals are presented by a 
tissue so similar in the structure of its fibres, as well as in its chemical 
properties, to cellular tissue, that it might alrnost lead us to regard them 
as identical, and to ascribe to cellular tissue not merely the property of 
elasticity which it retains after death, but also an organic contractile 
power. Until more is known of the tissue in question, we designate it 
the contractile tissue yielding gelatin, by which we sufficiently distin¬ 
guish it from the fibrinous muscular tissue. 

In addition to their transparency and smoothness, the fibres of the 
cellular tissue, which have been already described, have a very peculiar 
character in their wavy disposition. When not artificially extended, 
they are never straight, but have an arched or waving direction. The 
fibres of each primitive fasciculus are, however, always parallel; it is 
the fasciculi which are thus waving. This character of the cellular tis¬ 
sue is owing to its great elasticity. If the fasciculi be extended and 
straightened, they return, as soon as the extension is remitted, to their 
original curved state. A chemical examination of cellular tissue, after 
it is freed by washing from blood or lymph, shows that it belongs to the 
class of tissues that are converted by boiling into gelatin; and its fibres 
are, in this circumstance, again distinguished from muscular fibre which 
belongs to the albuminous tissues. This is important, as affording a 
means of distinguishing the contractile cellular tissue from those muscu- 
55 
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lar fibres which have not the varicose structure; for example, the mus¬ 
cular fibres of the uterus. The latter fibres, however, differ from the 
fibres of cellular tissue by another character, namely, by the want of 
the curved and waving position of their fasciculi. 

The contractile property of the tissue allied to cellular membrane has 
been long known; but it has, in many parts of the body, been frequently 
confounded with muscular action; and, on the other hand, in conse¬ 
quence of the slight change of diameter produced by this kind of con¬ 
traction, the phenomenon has by some been quite neglected, or even 
denied to exist. To verify the existence of the phenomenon in question, 
it is best to study it first in those parts in which it is presented in the 
most marked degree, and in which the tissue can be submitted to an 
accurate microscopic and chemical analysis. The tunica dartos has a 
very active contractile property, which is most frequently excited by 
cold. 

The primitive fibres of the fasciculi which compose this tunic are 
excessively delicate and elastic. When examined with the compound 
microscope, they are seen to be uniform cylindrical filaments, with a 
serpentine waving disposition. Their diameter, as determined by M. 
Jordan, varied from ttttj ^^he mean was of an 

English line. The fibres of cellular tissue had the same diameter. On 
the other hand, the fibres of the dartos differ in diameter from the 
muscular fibres. The varicose muscular fibres are smaller, the mus¬ 
cular fibres of the colon, which are not varicose, are larger, and those 
of the iris are much more minute. But, independently of their size, 
the fibres of the dartos exactly resemble the fibres of cellular tissue in 
their serpentine disposition and elasticity, and are by these characters 
distinguished from ordinary muscular fibres. 

On the other hand, traces of contractility are displayed in true cellular 
tissue in other parts of the body; for example, in the subcutaneous 
cellular tissue between the folds of the prepuce, which frequently in 
irritable individuals contracts very strongly in the cold bath. The phe¬ 
nomenon of “cutis anserina^^ seems to be one of an analogous nature. 
The sudden erection of the nipple is probably produced in the same 
way; for I have good grounds for questioning the correctness of the 
common opinion, that the latter phenomenon is the result of vascular 
turgescence, or true vascular “ erection.’’ In the first place, the nipple 
does not contain any of the spongy tissue which forms the corpora 
cavernosa penis; those anastomosing veins and sinuses, and the arteriae 
helicinae projecting into the venous sinuses, which characterise the true 
erectile tissues. Secondly, the erection of the nipple is perceptible not 
only in females when it is handled during the existence of the -sexual 
excitement, but also in men, quite independently of sexual feeling. 
Thirdly, the nipple in man becomes erected almost instantaneously and 
quite visibly when it is suddenly and roughly handled in one’s own 
person; the same takes place in a less degree also when the nipple is 
exposed to the contact of cold water, and in a more marked degree 
when the individual suddenly enters a cold bath. Fourthly, the erection 
of the nipple is not attended with any increased fulness; on the con¬ 
trary, while it is becoming erect, which occupies a few seconds only, it 
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becomes narrower, and loses in breadth what it gains in length. Now, 
in all these circumstances there is great similarity to the phenomena of 
the elevation of the cutaneous follicles in cutis anserina^^ and to those 
of the contraction and wrinkling of the prepuce in cold water. The 
erection of the nipple is, therefore, most probably the effect of contrac¬ 
tion of the subcutaneous cellular tissue which surrounds it. It is re¬ 
markable that the contractile cellular tissue exists principally beneath, 
or in those parts of the skin which have a dark tint, as, for example, 
the skin of the penis, the scrotum, and nipple. If, in addition to what 
we have already stated, it be recollected that the skin in its whole ex¬ 
tent, independently of any cutaneous muscle, manifests a certain degree 
of contractility,—a phenomenon which cannot be owing to the admix¬ 
ture of muscular fibres in its tissue,—it will appear very probable that 
all the parts which we have mentioned,—the scrotum, skin of the penis 
and nipple,—owe their contractility to a contractile cellular tissue, 
which, in the structure of its primitive fibres, does not differ from ordi¬ 
nary cellular tissue. The similarity of the chemical properties of the 
dartos, and its difference in chemical composition from muscular fibre, 
strengthen this opinion; for M. Jordan has shown that the dartos is 
partially converted into gelatin by three hours’ boiling; and that its 
solution in acetic acid, like that of cellular membrane and all tissues 
which yield gelatin, is not precipitated, nor rendered turbid by ferro- 
cyanide of potassium. {Muller's Jirchiv. 1834.) 

M. Jordan has likewise instituted some experiments relative to the 
nature of the contractile property of the dartos. The stimulus which 
most usually excites its contraction is cold; warmth relaxes it; and gal¬ 
vanism does not affect it: which fact is the more interesting, as it affords 
a means of distinguishing the contractility of cellular tissue from that 
of muscular fibre. The dartos has no share in producing the retraction 
of the testis towards the abdominal ring; this is effected solely by the 
cremaster. The mode in which the shortening of the fibres of the con¬ 
tractile tissues, which we have been considering, is effected, is probably 
their inflexion into waving lines by the reciprocal attraction of aliquot 
parts of the fibres. 

c. Of the elastic and contractile tissue of arteries .—It has been 
already shown, at page 21,2, from the results of galvanic experiments 
as well as from the real properties of the elastic coat of arteries, that 
this tissue does not possess muscular contractility. But as I have already 
described the properties and function of this tissue, I need not return to 
it here. 

d. Of the muscular tissue, 1. Chemical properties of muscle .—In respect of its chemi¬ 
cal properties, it has been already shown that muscle belongs to the class of animal 
tissues which cannot be made to yield gelatin by boiling, and of which the solution 
in acetic acid is precipitated by the red ferrocyanide of potassium: all the gelatin ex¬ 
tracted from muscle by boiling is due to the cellular tissue which unites the muscular 
fasciculi. By these chemical characters muscular fibre may be easily distinguished 
from the different elastic tissues, including the elastic tissue of arteries, which yield 
gelatin in boiling, and of which the solution in acetic acid is not precipitated by ferro¬ 
cyanide of potassium: whereas it is difficult and often impossible to distinguish chemi¬ 
cally whether a body which belongs to the class of albuminous substances is muscle 
or not. Uncoagulated albumen may, it is true, be recognised by its solubility in cold 
and lukewarm water, and by its property of being coagulated by a temperature of from 
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158° to 167° Fahr., by alcohol, and by metallic salts; uncoagiilated fibrin may be 
known by its spontaneous coagulation when removed from the animal body; uncoagu¬ 
lated casein by its solubility in boiling as well as in cold water: but coagulated albu¬ 
men and the coagulated fibrin of the blood and muscles cannot be distinguished from 
each other further than that fibrin decomposes the peroxide of hydrogen, while albu¬ 
men has not that property. There is no chemical means of distinguishing the fibrin 
of the blood from that of muscle. 

The red colour of muscle has been ascribed to the presence of cruorin, the colouring 
matter of the blood; and the colour of muscle is, like that of the blood, rendered 
brighter by exposure to the air. But Dr. Schwann has once observed the naturally 
pale muscles of the carp become of a dark red during maceration for a short time in the 
cold in winter; a fact which seems opposed to the idea of the colouring matter of 
muscle and that of the blood being identical. 

2. Structure of muscle. —The elementary parts of muscles are either beaded or 
cylindrical fibres, which are unbranched, and are arranged parallel to each other in 
fasciculi. According to Professor Krause, they are united together in the primitive 
fasciculi by a transparent tenacious fluid. The diameter of the primitive fasciculi, 
which contain from five to eight hundred fibres, is stated by Professor Krause, to be 
from to of an English line. The diameter of fasciculi taken from the pharynx 
of the human subject was found by Dr. Schwann to be from to ^ of an English 
line. The primitive fasciculi are invested and connected together by cellular tissue, 
so as to form larger secondary fasciculi, which are again connected together by cellular 
membrane. Anatomists differ very much in their accounts of the form of the primitive 
fibrils. Some, as Professor Schultze, describe them to be simple, uniform filaments; 
others, as Bauer, Home, Milne Edwards, Prevost and Dumas, and Professor Krause, 
regard them as composed of globules; while others, again, describe them to be beaded 
threads. The first and last of these descriptions, though apparently contradictory, 
are both correct, these two forms existing in different kinds of muscle. 

1. Muscles whose primitive fibres have a varicose or beaded structure, and whose primi¬ 
tive fasciculi have cross markings. It is this class of muscles that has been the most 
examined. It includes those muscles of voluntary as well, as involuntary motion 
which are remarkable for their red colour; all the voluntary muscles, namely, except 
the expulsor muscle of the urinary bladder; and, among the involuntary muscles, the 
heart. All red muscles, however, are not of this kind; thus, the red muscular sub¬ 
stance of the gizzard of the bird belongs, together with the muscular coat of the whole 
intestinal canal, to the second class of muscles. 

The transverse striae of the primitive fasciculi, seen when a portion of these muscles 
is examined w'ith the microscope, follow each other very closely, are always quite 
parallel, and generally pass in a straight line across the fasciculus; occasionally, but 
rarely, they are a little curved. On the primitive fasciculi of the heart the transverse 
striae are much less distinctly visible, but nevertheless exist, as Professor R. Wagner 
correctly remarks. 

Dr. Schwann has applied himself during an entire winter to the microscopic exami¬ 
nation of muscle; the following are the results at which he has arrived. The diameter 
of the primitive fasciculi varies from j^g^to of an English line. The fibres are most 
easily examined in the muscles of the rabbit. They are beaded filaments, presenting 
under the microscope a succession of dark points from T 2 * 5 (T English line 

in breadth, separated by bright and somewhat narrower portions of the filament. 

The beaded muscular fibres with primitive fasciculi marked with transverse striae 
are not confined to vertebrate animals. The voluntary muscles of insects, for ex¬ 
ample, are wholly constituted by them. Each primitive fasciculus has a very 
delicate sheath, which can often be perceived forming a transparent border to the 
fasciculus. 

Professor R. Wagner {Muller's Archiv. 1835, p. 318,) has examined the structure 
of the muscles in many of the lower aninrals. He met with muscles of which the 
primitive fasciculi presented cross striae, in insects, Crustacea, cirropoda, and 
araehnida. 

2. Muscles with uniformly cylindrical primitive fibres and primitive fasciculi devoid 
of transverse striae. These fibres are found to compose the muscular coat of the whole 
intestinal canal of the higher animals from the oesophagus to the anus. 

This is the more remarkable, as the muscles of the pharynx belong to the former , 
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class,—the muscles with beaded fibres. The diameter of the primitive muscular 
fibre from the large intestine of the human subject was found by Dr. Schwann to be 
0.0007, 0.0011, and 0.0013; in the mean, about of an English line. Their border 
or outline was quite smooth and even. 

2. Of the vital properties of muscle. 

In addition to the vital properties common to all animal tissues, mus¬ 
cles possess sensibility and contractility. The sensibility of muscles is 
seated in the sensitive nervous fibres distributed to them, and not in 
the muscular fibrils themselves: contractility is the essential property of 
muscles, which manifest it under the influence of every stimulus; while 
other organs, not muscular, are by the same stimuli excited to the mani¬ 
festation of other properties, such as sensation, secretion, &c. Muscles 
possess but slight sensibility to external impressions, as of cuts and punc¬ 
tures. A needle passed through the skin may be carried deeply into 
the substance of a muscle without pain being produced; the heart laid 
bare has been observed to possess a very slight degree of sensibility. 
The muscles, however, are endowed with a very delicate sense of their 
internal condition; or rather, their nerves communicate accurately to 
the sensorium a knowledge of the states induced in them by their con¬ 
traction: by virtue of this property we are not only made conscious of 
the sensations of fatigue and cramp in muscles, but acquire through 
muscular action a knowledge of the distance of bodies and their rela¬ 
tion to each other, and are also enabled to estimate and compare their 
weight and resistance. This muscular sense cannot, however, be seated, 
in the same nervous fibrils which excite the motions. 

Muscles are thrown into action by any stimulus applied to them¬ 
selves or to their motor nerves. All stimuli, as mechanical or chemical 
influences, cold, heat, or electricity, produce the same effect. They all. 
excite contraction of the muscles even when applied to their nerves. 
Acids act more readily when applied to the muscles themselves than 
when applied to the nerves; it is not, however, as we have before re¬ 
marked, a constant rule that acids excite no muscular contractions, 
when they act on the nerves alone. Dr. Bischoff and Professor Win 
dischmann have at all events frequently seen muscular contraction 
produced in the latter case. The property which muscles possess of 
contracting under the influence of any stimulus was made the subject 
of special study by Haller, {Deux Memoires sur les parties sensibles et 
irritables, Lausanne, 1756,) who called it “irritability,” in contra 
distinction to the sensibility of nerves. There are, however, so many 
hypothetical notions and false ideas connected with the name “ irrita¬ 
bility” in this sense, that it figures better in the history of medicine than 
in discussions on physiology itself. 

The contractility of muscles is preserved for a longer time by cold¬ 
blooded than by warm-blooded vertebrata. The contractility of the 
heart is retained for several hours in fishes, reptiles, and amphibia; and 
in the frog the other muscles also retain their contractility for several 
hours, particularly in the colder season of the year: a tortoise fora week 
after decapitation presents some contractility in its muscles. In higher 
animals the muscular contractility is seldom retained more than one or 
two hours after death; there are instances, however, in which it is not 
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lost for many hours, an example of which is afforded by the cutaneous 
muscle of the hedgehog. Nysten, [Rech. de Physiol, et de Chim. 
Path. 321,) in his experiments on the bodies of executed criminals who 
were previously in good health, found that the different muscles lost 
their contractile property in the following order: the left ventricle of the 
heart first, the intestinal canal at the end of forty-five or fifty-five 
minutes, the urinary bladder nearly at the same time, the right ventricle 
of the heart after the lapse of an hour, the oesophagus at the expiration 
of one hour and a half, the iris fifteen minutes later, the muscles of ani¬ 
mal life still later, and last of all the auricles of the heart; the right 
auricle being the part which retained its contractility longest, in one in¬ 
stance contracting under the influence of galvanism sixteen hours and a 
half after death. 

There are many substances which have the property of deadening the 
muscular irritability. The muscle of animals killed by immersion in 
carbonic acid gas, hydrogen, carbonic oxide, or by the vapours of sul¬ 
phur, contract very feebly, or not at all, when stimulated; while in the 
atmosphere, or oxygen, muscles retain their contractility much longer. 
( Tiedemanrds Physiol. 'x. p. 551.— Nysten, loc. cit. p. 328.) The action 
of pure water on muscles for any length of time diminishes their irrita¬ 
bility in a remarkable degree. This was first observed by Nasse, and 
has been recently confirmed by Dr. Stannius. The legs of frogs freed 
from the skin and laid for a short time in water, are no longer adapted 
for delicate experiments on the excitability of nerves and muscles. 
{HeckePs Annal. Dec. 1832.) Narcotic substances, applied directly to 
the muscles, destroy their irritability; applied to the nerves, they deprive 
the nerve, at the point which they have acted on, of the property of ex- 
. citing muscles to contraction; but, between that point and the muscle, 
the motor power of the nerve is preserved. When animals are killed 
by the introduction of narcotic poisons into the blood, the irritability is 
not affected in so great a degree as by the local application of the nar¬ 
cotic in a concentrated state; muscular contractions can be excited by 
irritating the muscles or nerves for several hours after death in frogs 
poisoned by narcotics. Substances which have a decomposing che¬ 
mical action on animal matters,—the caustic alkalies, concentrated 
acids, and chlorine, for example,—annihilate the irritability of mus¬ 
cles instantaneously at the point which they touch. There are no 
bodies known to have the property of heightening the irritability of 
muscles. 

Muscular contractility is subject to the general laws of animal ex¬ 
citability. Muscles become feeble if seldom excited to action; and a 
great exertion of their contractile power always induces temporary 
exhaustion of it. Excitement and rest are, therefore, equally necessary 
for the maintenance and increase of the muscular power. 

The state of contraction of muscles, which renders them firmer and 
harder, is alone the active condition; in their more elongated state they 
are relaxed. There is no fact to justify the supposition that muscles 
possess a power of active expansion. The opinion that the heart has 
such a power has been refuted by Oesterreicher (see p. 185). The 
living muscles must not, however, be supposed to be at any time in a 
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state of complete relaxation. They are constantly, even in the state of 
rest, subject to the influence of the nervous principle; this is seen in 
the retraction of divided muscles, in the slight tremors of muscles laid 
bare during life, and in the distortion of the features, and drawing of 
the tongue to one side, in hemiplegia. 

If a muscle is observed at the moment of its contraction, it is seen 
to become thicker in the same proportion as it is shortened; and very 
often its fasciculi are seen to be for an instant bent into waving lines. 
The circumstance of the muscles becoming firmer in the state of con¬ 
traction might naturally induce the conjecture that their substance be¬ 
comes condensed so as to occupy a smaller volume; although, without 
this being the case, the mere strength of the attraction of certain parts 
of the muscle towards each other would explain the increased firmness. 

The condensation of the muscular substance during its contraction is 
far too slight to aid us in explaining the phenomena of muscular con¬ 
traction. And it is possible that the condensation which took place in 
these experiments was owing to the air contained in the divided vessels 
being pressed out of them by their contraction; it might certainly be thus 
completely accounted for. When the experiment of M. Ermann, of sub¬ 
jecting the hinder half of an eel immersed in a glass jar, to a galvanic 
battery, is repeated, the portion of eel should be prepared under water, 
and introduced into the tube without coming into contact with the air. 

The modes in which the muscles could become shorter during their 
contraction are threefold. 1. The zigzag inflexion of the muscular 
fasciculi. This can be seen with the naked eye in muscles during con¬ 
traction, but may be more accurately observed with the aid of a lens. 
The fasciculi of muscular fibres are thrown into zigzag inflexions. MM. 
Prevost and Dumas {Journ. de Physiol, iii. p. 311,) have, in particular, 
studied this phenomenon. 

2. M. Lauth has made some important observations with regard 
to muscular contraction. [UInstitut, No. 57, 70, 73, 1834.— Muller's 
Jirchiv. 1835, p. 4.) Exposing a muscle, which still preserved its irri¬ 
tability, to the action of galvanism under the microscope, he perceived 
that its contraction was effected in two ways. When the muscle con¬ 
tracted most forcibly, its whole secondary fibre or primitive fasciculus 
was thrown into angular inflexions; a more feeble galvanic stimulus 
caused a shortening of the entire secondary fibre, without any zigzag 
inflexion. In the latter case, the surface of the secondary fibres, or 
primitive fasciculi, is not smooth, but presents, in its whole extent, 
transverse rugse (rides), which are also visible in the fibres while bent 
into zigzag lines, but are quite independent of that zigzag inflexion. 
A fasciculus of fibres can, it is plain, become shorter in two ways; either 
by the whole fasciculus being bent alternately in opposite directions, the 
fibres in the intervals of the flexure remaining parallel to each other, 
which mode of shortening takes place visibly in the larger muscular 
fasciculi, or by the fibres of the fasciculus spreading out in the intervals 
of transverse lines which divide the fasciculus into aliquot parts. The 
latter mode of contraction, very probably, takes place, together with 
the first, in the muscles of insects, and perhaps also in those of the 
higher animals. 
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3. It is possible that the muscular fibres of the second class (those of 
the organic parts of the body) contract both in the first and the second 
mode simultaneously; but there is a third manner in which the muscular 
fibres of the animal system may shorten themselves,—namely, by the 
approximation of the bead-like enlargements, and the contraction of the 
interspaces between these enlargements of the primitive fibres. Such 
a mode of contraction can neither be demonstrated, nor proved not to 
take place. The absence of the beaded enlargements in an entire class 
of muscles would render any theory of muscular contraction defective, 
which was based on them alone. Still, the approximation of the glo¬ 
bules of the primitive fibre may very possibly take place in the muscles 
of animal life, in addition to the other modes of contraction which are 
seen in the primitive and secondary fasciculi; and there are, in fact, 
some reasons for believing that in them it actually does occur. 

The rigidity of muscles after deaths rigor mortis .—This pheno¬ 
menon is due to a particular state of the muscles, which ensues at a 
certain period after death, giving rise to stiffness of the limbs, and after 
a time ceases. The rigidity affects the neck and lower jaw first, accord¬ 
ing to M. Sommer; next, the upper extremities, extending from above 
downwards; and lastly, reaches the lower limbs: in some instances it 
begins in the lower extremities, or affects them simultaneously with the 
upper extremities. Out of two hundred cases, M. Sommer only ob¬ 
served one in which the rigidity did not commence in the neck. 

The rigidity, according to Sommer, never commences earlier than ten minutes, and 
never later than seven hours, after death. Both Nysten and Sommer state that its 
duration is greater in proportion to the lateness of its accession. If the muscular 
energy was undiminished at the period of death, as in men killed by asphyxia, the 
rigidity of the limbs ensues later and continues longer; while, on the contrary, in 
bodies of persons who have died of acute diseases attended with great depression of 
the vital powers, it comes on more rapidly; after death from typhus, for example, M. 
Sommer has sometimes known it to be developed in fifteen or twenty minutes. In the 
bodies of individuals exhausted by chronic diseases, the same fact is observed. After 
sudden death from acute diseases, the rigid state of the limbs continues for a long 
time, even though it be rapidly developed. Hunter and Himly have remarked that, 
in the bodies of persons killed by lightning, no rigidity of the muscles takes place; 
M. Sommer, however, states that, in a dog killed by an electric shock, the phenomenon 
ensued at the ordinary period after death. The remark of Orfila, also, that after death 
from the vapour of charcoal the limbs do not become rigid till after a longer period 
than usual, was found by M. Sommer to be incorrect: he remarks that, if in some 
cases the rigidity of the limbs appears to be late in being developed, this is owing not 
so much to the mode of death, as to a state of apparent death preceding the real 
cessation of life. The assertion that the muscles do not become rigid after poisoning 
with narcotic substances, is also contradicted by the experiments both of Nysten and 
Sommer on animals. Nysten had made the remark that the rigidity is equally intense 
in muscles paralysed by hemiplegia: this is confirmed by Sommer, with the proviso 
that the paralysis must not have been attended with any considerable modification of 
nutrition, nor with serous effusion into the muscles; for, in such a case, Sommer has 
once observed an entire absence of rigidity on the paralysed side. Nysten remarked 
that death from tetanus was attended with or quickly followed by a cessation of the 
spasms, and that the body then remained in a flexible state for some hours before the 
rigidity of the corpse ensued: in one case observed by Sommer, however, the tetanic 
cramp of the muscles of the Jaw passed immediately into the rigidity of death. In 
new-born infants and old people, the rigidity of the limbs generally comes on earlier, 
is less intense, and lasts a shorter time. Sommer observed that, contrary to the 
statement of Nysten, the body in many instances became rigid before it was com- 
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pletely cold, and sometimes even while still warm. The body becomes ri^id after 
death in water as well as in the air; but in water of the* temperature of 32° to 66° 
Fahr. the rigidity is greater and of longer duration than in air of the same tempera¬ 
ture. With reference to the question of the influence of the brain and spinal cord on 
the production of the phenomenon which we are considering, Sommer confirms 
Nysten’s observations as to the fact that destruction of the central organs of the 
nervous system in animals has no influence on the development, degree, or duration 
of the subsequent rigidity of the body. 

The cause of the rigidity is, according to Nysten, seated in the muscles; for the 
limbs still remain stiflT, though the fasciae and eveh the lateral ligaments of the joints 
be divided, but become flexible as soon as the muscles are cut through. This state¬ 
ment is confirmed by Sommer, who adds that, although the limb recovers its mobility 
from tbe division of the muscles, still the divided muscles themselves remain firm 
and rigid,—a fact previously noticed by Rudolphi. Nysten referred the rigidity of 
dead bodies to the organic contractility of the muscular fibres. Orfila, Bedard, and 
Treviranns believed the phenomenon to be dependent on the coagulation of the blood. 
But M. Sommer thinks this opinion incorrect, since the body sometimes becomes very 
rigid when the blood has not coagulated, or but imperfectly; thus, in persons drowned, 
the rigidity of the limbs is very great, while the blood is often fluid; and tbe same 
is the case in men and animals killed by prussic acid. Should it at a future time be 
determined that the rigidity of the corpse is owing to a physical contractile property 
of the muscular fibres exerted at the time of the loss of their vitality, and ceasing 
with their decomposition, the phenomenon would be more analogous to the physical 
contraction of the fibrinous coagulum to a smaller and denser substance. 


CHAPTER IV. 

OF THE CAUSES OF MOTION IN ANIMALS. 

In an inquiry into the causes on which the motions of the solid tex¬ 
tures of organic bodies depend, it is necessary in the first place to dis¬ 
tinguish between the motions of parts devoid of nerves, and those which 
are conseqttent on a reciprocal action exerted between the contractile 
tissue and the nervous system. Motions of the first kind are presented 
by plants, and perhaps also by some parts of animals which are not 
muscular. 

The time has not arrived for inquiring into the causes of the ciliary 
motion. We do not even know by what mechanism it is produced. In 
its great independence of the influence of the nervous system it resem¬ 
bles the motions of plants. The motions of cellular tissue, or the con¬ 
tractile animal tissue which yields gelatin,—motions which are readily 
produced by the action of stimuli, particularly cold, heat, and mechani¬ 
cal influences, on the tissue itself,—in some degree resemble those of 
plants and the cilia, which are independent of the influence of the 
nervous system. They resemble the motions of plants in another cir¬ 
cumstance also, namely, in not being perceptibly excited by electricity. 
The motions of the cellular and allied contractile tissues are not, how¬ 
ever, entirely withdrawn from the influence of the nerves. The con¬ 
traction of the skin and dartos is excited not only by external stimuli, 
but frequently also by causes seated in the nervous system. 

The contractile property of the muscles is intimately dependent 
on two ditferent influences,—the influence of the blood, and that of the 
nerves. 
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1. Influence of the hfood. —Stenson first pointed out that muscles lose 
their power of motion when the current of blood (that is, of arterial 
blood) towards them is obstructed. This phenomenon is sometimes 
observed when a ligature is applied to a large arterial trunk in the 
human subject; the power of moving the muscles under the influence 
of the will is either partially or wholly lost, until the collateral circula¬ 
tion is developed. This fact has been confirmed by Arnemann, Bichat, 
and Emmert. {Treviranus, Biologie,v. 2S\,) Segalas {Journ. de 
Physiol. 1S24,) also has observed that, when the abdominal aorta is 
tied in animals, the hind-legs are rendered so weak, that after eight or 
ten minutes they can scarcely be dragged along. Whether the princi¬ 
pal influence of the blood consist in its maintaining the contractility of 
the muscles, or in its enabling the nerves to convey the influence of the 
will, has not been investigated. It is certain that the arterial blood un¬ 
dergoes in the motor organs a change, which, while it gives the blood 
the venous character, renders it unfit to maintain in the muscles their 
contractile property,—in other words, that the property of contractility 
requires for its perfect preservation the constant action of arterial blood 
on the muscular fibre. This is confirmed by the phenomena observed 
in the subjects of the coerulean disease; in whom, on account either of 
a patent state of the foramen ovale, or ductus arteriosus, or a narrow 
condition of the pulmonary artery, the arterial and the venous blood 
are mixed, or the process of arterialisation imperfectly performed. Such 
persons are incapable of any great muscular exertion. 

2. Influence of the nerves upon the contractility of muscles. —The 
question of the action of the nerves in exciting the muscles to contrac¬ 
tion must not be confounded with that of their influence in the mainte¬ 
nance of the muscular contractility. Haller regarded the contractility of 
muscles as a vital property peculiar to them, and independent of the 
nerves; he named it “irritability.” This great physiologist, whose 
theory was adopted by Fontana, Soemmering, Nysten, IBichat, and 
others, taught that all stimuli acting on muscles excite their contractility 
without necessarily exerting their influence primarily on the nerves, and 
through them upon the muscles; and that the nervous stimulus is in 
fact merely one kind of the many stimuli by which the contractility of 
the muscular fibre may be excited. The proofs which Haller and his 
followers adduced in support of this theory have long lost their weight. 
The heart does not, as they supposed, act independently of all nervous 
influence, and its nerves are not insensible to external stimuli. The 
heart is, with reference to nervous influence, in the same condition as 
all other parts supplied by the sympathetic nerve. Not only can it be 
excited to contraction by galvanism, as has been observed by Von 
Humboldt, Pfaff, Fowler, Wedemeyer, and myself; but Humboldt and 
Burdach have succeeded in influencing its mode of action by irritating 
the cardiac nerves (see pages 200 and 526.) The influence of the 
nerves on organic muscles can be demonstrated very distinctly also, as 
my experiments show, by irritating the coeliac ganglion, which causes 
the peristaltic motions of the intestines to become much accelerated. 
My own researches, and those of Wutzer, Retzius, and Mayer, have 
moreover sufficiently refuted Scarpa’s opinion that the sympathetic 
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nerve has no connection with the anterior motor root of the spinal 
nerves and the motor cerebral nerves. These factSj however, merely 
lead us to conclude that the nerves of the heart as well as the nerves of 
other muscles, transmit motor influence; they still leave undecided the 
question, whether in the sound body, and in a heart removed from the 
body, the cardiac nerves are necessary for the maintenance of the con¬ 
tractile power of the organ. 

The correctness of Haller’s theory has been disputed by other physiologists,—as 
Whytt, Monro, Prochaska, Legallois, and Reil,—who contended that the motor power 
depends on a reciprocal action exerted between the nerves and muscles. Were such 
the case, the contractility of muscles would differ essentially from that of plants, 
which is excited directly by external stimuli, without the aid of nervous influence. 
In support of this opinion it is urged, that stimuli applied to the nerves excite the 
muscles to action; that narcotic substances, which seem to have a special action on 
the nervous system, when applied to the muscles, destroy their contractility; and that 
destruction of the brain and spinal cord also has the effect of diminishing the contrac¬ 
tile power of the muscles. It must, however, be confessed that these arguments are 
by no means weighty. The duration of the muscular irritability is not less after the 
destruction of the brain and spinal cord, than after death from other causes; and 
poisoning with narcotic substances merely causes the influence of the brain and spinal 
cord to be no longer transmitted to the muscles. The irritability of the nerves and 
muscles is far from being destroyed in frogs by narcotic poisoning: I have seen the 
usual phenomena produced by the application of stimuli to the nerves or muscles for 
a very long time in frogs thus poisoned. Treviranus has adopted a middle course 
with regard to this question; and in accordance with what is observed in plants, which 
owe their irritability to the influence of light, but yet are excitable by other stimuli, 
believes that the influence of the nerves is a necessary condition for muscular irritabi¬ 
lity, but that all stimuli do not act by their intervention on the muscles. Tiedemann 
{Physiologic, i. p. 547.—Translation by Gully and Lane, p. 295,) agrees wdth Haller 
in regarding the muscular contractility as a peculiar property inherent in the muscles 
themselves, but believes the maintenance of this property in them to be dependent on 
nutrition and nervous influence; and further holds that the nerves do not merely con¬ 
duct the stimulus which excites the muscular contraction, but afford an essential con¬ 
dition for the manifestation of the vital property of the muscles. This essential influ¬ 
ence of the nerves may consist either in their imparting to the muscles their property 
of being affected by stimuli, in other words, of manifesting irritability; or it may be, 
that stimuli, even when applied to the muscles, must act first upon the nerves, and 
through their medium excite the contraction of the muscular fibre. It is evident, from 
the foregoing remarks of Tiedemann, that there are here involved two perfectly distinct 
questions: 1. Is the influence of the nerves necessary for the preservation of the vital 
property of the muscles by virtue of which they contract, and is this property lost 
when the nervous influence is cut off? 2. Are the nerves conductors, through the 
medium of which all stimuli act upon the muscles'? does even the apparently direct 
irritation of the muscles themselves act first on the nervous fibrils distributed in the 
muscular substance, and only through the medium of them affect the contractile tissue! 
The first question may be decided in the affirmative, without the second proposition 
being necessarily admitted; but if the second receive an affirmative answer, the admis¬ 
sion of the first is a necessary consequence. 

1. Is the integrity of the nerves necessary for the preservation of the vital contrac¬ 
tility in muscles'? Nystenhad observed, that, a short time after an apoplectic seizure, 
the muscles paralysed in consequence of the cerebral lesion still contracted under the 
influence of galvanism; and Wilson Philip, on the authority of Sir B. Brodie, asserted 
that a nerve, whose communication with the brain and spinal cord was cut off, retained 
for a considerable time, its faculty of exciting the muscles to contraction when irri¬ 
tated. {Phil. Transact. 1833, pt. i. p. 62.) 1 had reasons for suspecting that the per¬ 

sistence of this excitability of a divided nerve, when its continuity had not been re¬ 
stored by regeneration, is not without its limits; and several experiments instituted 
with reference to this question by myself, in conjunction with Dr. Sticker, (see page 
514,) have proved that, when the communication with the central organs of the nervous 
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system is completely interrupted, not only the power of the nerves to excite muscular 
contractions, but with it the irritability of the muscles themselves, also, is gradually 
lost. 

3. Are the nerves the sole conductors, through the medium of which all stimuli 
necessarily act on the muscles! The reasons for admitting such to be the case are 
the following; 

a. The stimuli which excite the contractions of muscles, when applied directly to 
their tissue, are the same that produce the like effect when applied to the nerves. I 
have, it is true, frequently observed a difference in the action of stimuli on nerves and 
muscles; the mineral acids and alcohol namely, which, when applied immediately to 
the muscles, cause them to contract, had not the same effect when applied to the 
nerves. This difference does not, however, appear to be constant; for M. Humboldt 
has produced a tremor of the muscles by the application of alcohol, chloric acid, 
arsenic, and even of the metallic salts to the nerves; and Dr. Bischoff and Professor 
C. Windischmann have, T learn by private communication, in some instances seen 
muscular contractions produced in frogs by the application of mineral acids to the 
nerves. 

b. The substances which destroy the contractility of muscles are also destructive 
of the excitability of nerves; for, although narcotic substances taken into the circula¬ 
tion, and destroying life by their action on the brain and spinal cord, do not immedi¬ 
ately annul the excitability of the nerves and muscles of the body,—the muscles and 
nerves of frogs thus killed retaining their excitability for a long period,—yet the im¬ 
mediate application of these substances to the nerves and muscles destroys locally 
the muscular contractility and nervous excitability. Nerves immersed for a short 
time in a solution of opium lose their susceptibility of stimuli to the extent in which 
the fluid has acted on them; while between this part and the muscle they retain their 
property of exciting muscular contractions under the influence of stimuli. Muscle 
also immersed in solution of opium loses its vital properties to the extent to which 
the contact with the poison has reached. This similarity of action of narcotics on 
nerves and muscles renders it probable, that the effect of such substances in making 
muscles to which they are applied insensible to the influence of stimuli, is owing to 
their destroying the excitability of the nervous filaments distributed in the muscular 
substance. 

Although the conclusion just stated seems to be proved by the arguments which we 
have adduced, yet it is evident that the contractility must be a property of the muscles 
themselves, and that the nerves cannot even during life impart to them a power which 
they do not themselves possess. But the manifestation of the contractile property of 
muscles presupposes a concurrent action of the nerves; the discharge of an impon¬ 
derable agent by the nerves is indeed as necessary for causing certain portions or 
minute elementary parts of the muscular fibres to be attracted towards each other, as 
this attraction of the parts of the fibre towards each other is essential for the shorten¬ 
ing of the whole fibre. 7’he modes of contraction of the fibres under the influence 
of nervous energy have been considered and illustrated by facts in the preceding 
chapter. The strength of the attraction between the angles of the inflected fibres 
may be best estimated from the power which the living muscles possess of resisting 
in their contracted state the greatest extending force; while after death, when this 
power of reciprocal attraction in their particles is lost, they are very easily lacerated 
and torn asunder.* 

Of the mode of action of the nerves on the muscles in exciting their contractions 
we are at present quite ignorant. MM. Prevost and Dumas {Ma^endie's Journ. de 
Physiol, t. iii.) have described the nerves to be so distributed in the muscles that at 
each of the angles of the muscular fasciculi formed by their zigzag inflexion in the 
act of contraction, that is to say, at each of the points towards which other parts of 
the muscular fasciculus are attracted, or which attract each other, there is a nervous 
fibre running transversely across. 

The observation of MM. Prevost and Dumas, that the nervous fibres form loops 
running transversely across the muscular fasciculi at the points of their angular in¬ 
flexion, serves as the basis for their theory of muscular motion, according to which 
these transverse nervous loops are supposed to attract each other, and thus to shorten 
the muscular fibre. 

* Compare the observations of Tiedemann, Physiol, p. 553.—Translation, p. 299. 
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If, however, we reflect that the whole hypothesis of the similarity of the electric 
and the nervous principles is unsupported by any facts, and that, as we have shown 
at pages 513 and 514, these principles differ essentially as to their conductors and in¬ 
sulators, the theory of Prevost and Dumas, and any other modiffed theory of muscular 
motion as due to electric action, will be perceived to be baseless. 

7’he muscular fibres certainly appear to become shortened during contraction in the 
intervals of the nervous loops which cross the fasciculi; it is probable, therefore, that 
the parts of the muscle which are traversed by the nervous loops, and which are prin¬ 
cipally exposed to the nervous influence, attract each other, and thus give rise to the 
zigzag inflexion of the muscular fasciculi. 

Dr. Schwann is engaged in performing some experiments with the view of ascertain¬ 
ing whether the contractile force of a muscle diminishes or increases as the contraction 
of the muscle is greater. He employs, in these experiments, the muse, gastrocnemius 
of a frog with a peculiar apparatus. 

In concluding this discussion on muscular contractility, it appears necessary to direct 
attention to the fact that any sudden change in the condition of the nerves of muscles, 
by whatever cause it be produced, is productive of a shock to the muscles. The closing 
or interruption of the galvanic circle, sudden destruction of the nervous tissue, burning, 
chemical influence, mechanical stretching, and all such influences, appear to give an 
impulse to the imponderable principle of the nerves, by which either a current or oscil¬ 
lation of that principle towards the muscle is excited, whether the external influence 
heighten or depress the vital energy of the nerves themselves. Hence muscular con¬ 
tractions may attend any, even the most feeble slate of the vital forces, the nervous 
principle being capable of such motion or oscillation as excites the muscles to action, 
when any change is produced in the state of the nerves, even though the activity of 
the nervous principle is upon the point of being annihilated. We have here an oppor¬ 
tunity of verifying the law laid down in the Prolegomena, that excitation is perfectly 
different from augmentation of the vital forces,—that an animal system may be stimu¬ 
lated to death, and that even the narcotic substances (the alterantia nervina), which 
have the property of producing so great a change in the nervous matter, give rise to 
symptoms of irritation or excitation, while they destroy the vital properties of the 
nerves. 


SECTION 11. 

OF THE DIFFERENT MUSCULAR MOVEMENTS. 

CHAPTER I. 

Of the involuntary and the voluntary movements. 

The most obvious distinction which presents itself in classifying the 
different muscular movements, is that between the involuntary and the 
voluntary. On closer examination, however, this division is found to 
be less natural than it at first appears. It does not agree with the dif¬ 
ferences in the forms of the muscular tissue; and there are many in¬ 
voluntary movements performed by muscles which are subject to the 
will,—movements in some cases following as regular a rhythm as do the 
motions of the heart. Certain muscles also, which are quite independ¬ 
ent of the influence of the will, are nevertheless influenced by particular 
states of the mind; and lastly, the fact that the nerves have as great an 
influence over the involuntary as over the voluntary movements, de¬ 
prives such a classification of much of its interest. The facts stated in a 
preceding page were suflicient to show that a division of muscular move- 
56 
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merits into the voluntary and involuntary would not find any support 
in the anatomical structure of the muscular tissue; for, although the mus¬ 
cles of the organic parts of the system are distinguished by the absence 
of transverse strise on the primitive fasciculi, and by the uniform non- 
beaded character of their fibres, while they act also independently of 
the will, yet the urinary bladder, which in respect to structure belongs 
to the organic muscles, is capable of some degree of voluntary motion. 
The fasciculi of the fibres of the iris again have not the cross striae, and 
nevertheless a voluntary influence can be exerted indirectly upon the iris 
by turning the eye inward (see pages 535 and 593). On the other hand, 
though the muscles of the animal parts of the system are characterised 
by the transverse markings of the primitive fasciculi, and the beaded 
form of their fibres, at the same time that they are subject to the will, 
yet the heart here constitutes an exception, it being referable by the 
structure of its fibres to the animal muscles, but with respect to its in¬ 
voluntary motion to the organic. There is no correspondence also 
between the colour of the muscles and their division into involuntary 
and voluntary. The voluntary muscles are generally red; but those of 
fishes are, for the most part, white. The muscles not subject to volition, 
as the muscular coat of the intestines, are generally of a pale colour; 
but the muscular gizzard of birds and the heart are composed of muscle 
of a deep red colour; while the muscular coat of the bladder, which is 
in some measure under the influence of the will, is as pale as that of 
the intestines. This difference of colour is certainly not merely owing 
to the greater or less abundance of blood-vessels, and of the red colour¬ 
ing matter of the blood. The peculiarity appears to reside in the mus¬ 
cular substance itself, which agrees with the cruorin of the blood in 
being rendered of a brighter red by the action of the atmosphere. The 
division of the muscular movements into the voluntary and involuntary 
finds, it is true, better support in the difference of the nerves supplying 
the different muscles; but even in this point of view it is subject to ex¬ 
ceptions, the urinary bladder and iris, though supplied by the sympa¬ 
thetic, being capable of some voluntary motion. 

If, indeed, we reflect that many muscles, which are ordinarily under 
the influence of the will, are nevertheless constantly being thrown into 
contractions in opposition to the will, as is the case, for example, with 
the sphincter ani; that some muscles belonging to the animal system 
are incapable of being made to act voluntarily, except in very few indi¬ 
viduals, of which we have examples in the cremaster, &c.; and lastly, 
that all the voluntary muscles are also frequently excited to involuntary 
action, whether in consequence of “nervous reflection,” or “associate 
nervous action,” or by mere mental conceptions,—as in laughing, 
yawning, or sighing, and still more frequently by passions of the mind, 
—it will be seen that we have reasons sufficient for adopting a classi¬ 
fication in which the internal causes of the different motions are more 
kept in view. Since the class of involuntary motions is founded on 
a negative character, some physiologists have more aptly divided the 
animal movements into the voluntary and automatic. The involuntary 
motions are, however, with reference to their causes, of such various 
kinds, that this division also appears to me to be objectionable; for what 
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constitutes the difference between the automatic rhythmic movements of 
the heart and respiratory muscles, and the movements from reflex ner¬ 
vous action? The different causes of the muscular motions seem to be 
best kept in the following classes. 

1. Movements excited by heterogeneous stimuli^ external or in-' 
ternal .—By heterogeneous stimuli I understand here all other causes 
of muscular contractions than the mere impulse of the nervous 
principle itself. There are but very few instances in which such 
stimuli give rise to muscular actions in the normal state of the body; 
such is the case, however, for example, with the stimulus of the bile and 
faeces, which excite the movements of the intestines; with the stimulus 
of the urine causing the bladder to contract, &c. For the production of 
muscular motion, a change in the state of the nerve supplying the 
muscle is necessary. It is indifferent whether this change in the nerve 
be effected through the medium of its anatomical connections with the 
central organs, or from its own blood-vessels, or whether the influence 
which produces it be derived entirely from without. All muscles, ani¬ 
mal as well as organic, are equally capable of being excited to motion 
in this manner; but the movements thus produced are always in¬ 
voluntary, whether the muscle be ordinarily withdrawn from the in¬ 
fluence of the will or not. The point at which the stimulus may act is 
threefold. 

a. It may act on the muscle itself. —In this case, the nervous fibrils 
distributed in the muscle are primarily affected, and through their in¬ 
fluence the muscular fibre is made to contract. The direct application 
of an external stimulus causes the heart, the intestinal canal, the urinary 
bladder, and all the involuntary as well as the voluntary muscles, to 
contract. 

b. On the nerve .—The application of a stimulus to the nerve before 
it has reached the muscle has the same eflect as irritating it in the 
muscle itself. 

c. On the central organs of the nervous system. —Irritation of the 
brain and spinal cord always gives rise to contractions in the muscles 
which derive their nerves from the irritated part of the nervous centres. 
The influence of the brain and spinal marrow on the movements of 
parts supplied with cerebro-spinal nerves has been considered at pages 
599 and 633; and the influence of the same parts on organs the nerves 
of which belong to the sympathetic system, at page 565. The ex¬ 
periments of Dr. Wilson Philip tend to show that every part of the 
brain and spinal cord can exert an influence on the motions of the 
heart; while, in the case of the muscles supplied by cerebro-spinal 
nerves, particular parts of the brain and spinal cord are always con¬ 
nected with particular muscles. 

An important difference is found to exist in the action of irritating 
agents. Many stimuli,—as mechanical irritants, heat, electricity, the 
alkalies, and other substances,—excite muscular contractions when ap¬ 
plied directly either to the muscles themselves, to the nerves, or to the 
central organs of the nervous system. Other substances, on the con¬ 
trary, excite no contraction of the muscles, unless when they act on the 
central organs of the nervous system through the medium of the circa- 
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lation: thus the local application of narcotics to a muscle or nerve de¬ 
stroys their irritability or excitability at the part acted on, but gives 
rise to no muscular contractions; while the same substances produce 
the most violent convulsions, when, mixed with the blood, they exert 
their influence on the brain and spinal cord. That in animals poisoned 
by narcotics the convulsions are due to the irritation of the great 
nervous centres, is evident from the fact that division of a nerve puts a 
stop to the tetanic convulsions in the part which it supplies. (See page 
509.) 

2. Jlutomatic movements. —By automatic movements it is intended 
here to designate all those muscular actions which are not dependent 
on the mind, and which are either persistent or take place periodically 
with a regular rhythm, and are dependent on normal natural causes 
seated in the nerves or the central organs of the nervous system. The 
cause of the rhythmic movements may be either in the sympathetic 
nerve or the great nervous centres, but never in mere cerebro-spinal 
nerves. 

a. Of the automatic movements dependent on the sympathetic .— 
These movements are presented, 1, by muscles of which the primitive 
fasciculi are marked by transverse striae,—namely, by the heart; and 2, 
by muscles of which the fasciculi have no transverse markings,—as the 
intestinal canal, uterus, and urinary bladder. 

The automatic movements of the heart, like those of the animal muscles of the 
body, are contractions of momentary duration succeeding each other quickly. The 
automatic motions of the muscles of the second series are more gradual and more en¬ 
during, and their intervals of rest are much longer. Whether this difference be owing 
to the different structure of the muscle, or to the nature of the nervous influence, is 
not known. The fact that the bladder, although it may be made to contract volun¬ 
tarily, yet it is not capable of a rapid contraction, is in favour of the kind of motion 
being due to a peculiarity of the muscular tissue. The action of the urinary bladder 
being, when the viscus is distended, periodically increased in force, is so far referable 
to the automatic movements, but otherwise does not belong to them. 

In all the automatic movements of the viscera of organic life, without exception, 
there is observed a certain order of succession in the contractions; one part of the 
viscus contracts before another, and the motion thus traverses the organ in a determi¬ 
nate direction during each period of the rhythm. The contractions even of the uterus 
of animals is vermicular; at least they are so, as I have witnessed, in the rat when 
excited by irritants locally applied. The periodic contractions of the uterus are gene¬ 
rally observed to occur only during parturition; they in rare instances take place during 
pregnancy, but are then more feeble. Irritation of organs presenting the automatic 
movements has also an influence on the rapidity and force of the contractions; stimuli, 
whether external or internal, acting on the heart, cause it to beat quicker and more 
forcibly. In acute diseases of great intensity, which makes such an impression on 
the central organs of the nervous system as to give rise to fever, the heart not only 
acts more frequently than natural, but even the mode of contraction of its fibres is 
altered, causing hardness of the pulse; hence in fever, while the powers of the system 
are unimpaired, the pulse is hard, strong, and quick. In proportion as the powers of 
the system decline, the impression of the disease on the central organs continuing, the 
beat of the heart, though it retains its altered character, becomes feeble; and the pulse 
accordingly, still hard, also becomes weak, while it increases in frequency. A hard, 
full, and frequent pulse, therefore, is in acute disease an indication that a violent im¬ 
pression is made on the nervous centres, the vital powers not being essentially im¬ 
paired; while, in proportion as the pulse, still hard, becomes more feeble and frequent, 
we know that tba vital powers are sinking. The pulse becomes slower in many 
affections which are not inflammatory, but are attended with interruption of the func- 
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lions of the central organs of the nervous system,—such as syncope and apoplexy. 
The motions of the intestinal canal are rendered both more energetic and quicker by 
external irritation, as when the intestine is exposed to the air; or by internal irritation 
of its mucous membrane, as in diarrhoea: irritation of the spinal cord also is productive 
of spasmodic automatic movements of the intestinal canal and uterus. The same in¬ 
crease of the automatic movements is produced by irritation of the sympathetic nerve; 
such, at least, is the effect of irritation of the coeliac ganglion, by the application of 
caustic potash, on the intestines of the rabbit. 

Many of the organs which present the automatic movements are provided with 
sphincters. While the automatic contractions of these muscular tubes or sacs become 
periodically stronger, the sphincters, as for example the sphincter vesicae or os uteri, 
remain for a time constantly closed; but their resistance is at last overcome, and they 
are dilated by the contents of the viscera, which are thus driven against them with 
increasing force. The antagonism which subsists between the sphincters and the 
muscular coats of the viscera is evidently not so much due to any cause seated in the 
muscles themselves, as to the mode of action of the nerves in them. 

The primary cause of the rhythmic contractions of the organic muscles is connected 
with the mode of action of the sympathetic nerve on the muscles: it is not seated in 
the brain or spinal cord. This constitutes an essential distinction between the auto¬ 
matic movements of the organic and those of the animal muscles. The rhythmic con¬ 
tractions of the heart continue even when it is removed from its connections in the 
body. This continued action of the organ is not due to the stimulus of blood, for it is 
kept up with the same regularity when the heart is emptied of all its blood. The 
action of the heart continues also in vacuo; it cannot, therefore, be owing to the stimu¬ 
lus of the air. The intestinal canal likewise still presents its peristaltic motions when 
removed from the body; and the separated oviduct of a turtle has been seen to contract 
so as to expel the ova. 

The inquiry as to the cause of muscular contractility leads to the conclusion that a 
concurrent action of the nerves is always necessary for the act of muscular contrac¬ 
tion; and hence, as well as from the fact that the stimuli applied to the coeliac gan¬ 
glion produce a change of some duration in the peristaltic movements of the intestine, 
we must infer that the organic nerves distributed in the muscular substance have a 
principal share in the production of these automatic movements, and that the rhythmic 
contractions of these organic muscles are not independent of the nerves, as Haller 
believed. 

It has been proved that the automatic motions of the organic muscles, like all mus¬ 
cular motion, depend primarily on the influence of the nervous principle; that the cause 
of the rhythm of these automatic motions is connected, not with the nature of the 
muscular fibres, but with the peculiarity of the nervous system of the organic mus¬ 
cles; and that the cceliac ganglion has the property of exciting, when irritated, the 
peristaltic motions of the intestines. It appears, moreover, that the sympathetic nerve 
retains its ganglionic structure even in its more minute ramifications; and the power 
of the intestine to perform its peristaltic motions is found to be preserved even when 
it is separated from the mesentery. From these facts, then, I conclude that even the 
minute branches of the sympathetic which ramify in the intestinal coats have the same 
power of causing periodic contractions as the coeliac ganglion was proved to possess. 
The explanation that applies to the peristaltic movements of the intestines has the 
same force with relation to the rhythmic motion of the heart; the first observed motion 
of the heart in its simple tubular condition is indeed of a peristaltic nature. Since, 
therefore, not merely the larger ganglions of the sympathetic, but even its ultimate 
ramifications in the tissues of organs, seem to possess the power of giving rise to 
periodic motions, we can understand how the rhythmic movements of the heart, intes¬ 
tine, and oviduct of the turtle are enabled to continue when these organs are removed 
from their connections in the body. 

Hypothetical explanation of periodic movements .—The sympathetic nerves may be 
compared to imperfect conductors, whether the insulating influence be seated in the 
ganglia or in the nervous fibres themselves. This being granted, the cause of the 
periodic action, or periodically increased action of the nervous principle on the mus¬ 
cular fibre, is obvious. The ganglionic parts of the sympathetic nerve will, as imper¬ 
fect conductors, tend to arrest the current of the nervous fluid. The general current, 
on the other hand, following the peripheral distribution of the nerve, staves to reach 
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the organic muscles. As soon as the insulating particles of the sympathetic have in 
this way received the maximum of the nervous principle of which they can resist the 
progress, they suddenly communicate it to the organic muscles; the current of nervous 
influence then begins again to be arrested for a time. Did such a process take place 
in the sympathetic nerve, even to its peripheral ramification in the muscles, the gan¬ 
glia, which are met with in such frequency on a small scale in it, must play an impor¬ 
tant part as imperfect conductors or partial insulators of the nervous principle. 

The muscular movements dependent on the sympathetic nerve have not universally 
an intermittent type; the sphincters, which are subject to the influence of the sympa¬ 
thetic, have, for example, a persistent type of action. In these last muscles, then, the 
current of the nervous principle is uninterrupted. The sphincter of the urinary blad¬ 
der is almost constantly in action; it is subject to only occasional relaxation. It is 
remarkable that the bladder, which presents this constant muscular action, receives, 
not merely organic nerves, but also cerebro-spinal nerves, in which the current of 
nervous influence can go on uninterruptedly. 

Admitting that the organic nerves have really the property of arresting the trans¬ 
mission of the nervous principle for a time, so as to prevent its rapid escape, the con¬ 
tinuance of the motions in viscera supplied with nervous influence by these nerves 
for a considerable time after their connection with the brain and spinal cord is at an 
end, will be intelligible. The organs under the influence of the sympathetic are not, 
however, wholly and permanently independent of the brain and spinal cord. When 
these central organs of the nervous system are exhausted by want of rest and sleep, 
or by the impression of acute diseases, the dependence of the organic viscera on them, 
which is not observable when the supply of nervous influence to the sympathetic is 
arrested only for a short period, becomes as evident as in parts supplied by cerebro¬ 
spinal nerves; for the power of the heart and other organic muscles then becomes 
exhausted. 

b. Of the automatic movements dependent on the central organs of the nervous system .— 
The same muscles being engaged both in the involuntary movements of respiration 
and in voluntary movements, it would naturally occur to the mind that these different 
modes of action of the same muscles were determined by different nerves. 

The type and rhythm of these movements have their source, not in the nerves, but 
in the brain and spinal cord themselves. The cerebral and spinal nerves are merely 
conductors of the influences emitted by the central organs; if the conducting nerves 
be divided, the automatic movement ceases. This is the case with the motions of the 
diaphragm and all the other respiratory muscles, and also with those of the sphincter 
ani and other sphincters of the animal system. 

The automatic movements dependent on the influence of the central organs have, 
like those regulated by the sympathetic nerve, in part an intermittent, and in part a 
persistent type. The respiratory movements are automatic and intermittent; the action 
of the animal sphincters is automatic, but persistent. All the movements of the group 
we are now considering are executed by muscles which are also subject to the will. 

Automatic movements of muscles of the animal system with an intermitting type. The 
respiratory movements, —The respiratory movements comprehend motions of the dia¬ 
phragm, of the abdominal aud thoracic muscles, and of the laryngeal muscles by 
which the glottis is dilated and closed. Under some circumstances, respiratory move¬ 
ments affect the muscles of the face, and, in many persons during sleep, those of the 
soft palate. The nerves engaged in the production of these movements are the phrenic, 
the spinal accessory, the vagus, (for the muscles of the larynx,) a great part of the 
spinal nerves, and, for the respiratory movements of the face, the porlio dura of the 
seventh. 

1. What is it that excites the medulla oblongata to determine the respiratory nerves 
to action in the human subject after birth, while in the foetus it does not exert this 
influence? The exciting cause must either be sensations arising in the respiratory 
organs, and making an impression through the medium of the vagus (which is the 
sensitive nerve of the lungs) on the medulla oblongata, or it must be the impression 
made by the arterial blood on this highly excitable part of the nervous system. 
Neither the sensitive impressions produced by the atmospheric air in the lungs, nor a 
sense of the wanfof air, can be the cause of exciting the medulla oblongata to action; 
for I have divided both vagi nerves and both superior laryngeal nerves, and have even 
entirely separated the larynx, and still the respiratory movements continued in regular 
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order up to the time of death. The theory of M. Kind, that it is the stimulus of the 
air acting on the cutaneous nerves, and transmitted to the spinal cord, which gives 
rise to respiration as a reflected movement, is not very probable; for a frog wholly 
deprived of its skin continues to respire as before; and a frog with its head only in the 
air will breathe equally well, whether the skin of its body be immersed in water or 
surrounded with air. If the stimulus of water acting on the skin were sufficient to ex¬ 
cite the respiratory movements, the foetus of mammalia ought to perform them in the 
uterus. It is evident, therefore, that the cause of the flrst respiration of the infant, as 
well as of the continued respiratory movements, must be some influence which could 
not act in the foetal state, but which comes into operation immediately after birth; and 
this influence is not the stimulus of atmospheric air either in the lungs or on the skin. 
The cause of the first respiration can only be the impression made on the medulla 
oblongata by the arterial blood, which is formed in consequence of the first entrance 
of the air into the respiratory organs, and in less than a minute reaches the primum 
movens of the respiratory movements in the central organs of the nervous system. 
The arterial blood is also very beautifully shown to be the cause of the continuance of 
the respiratory movements throughout life by my experiments on frogs, in which I 
made the animals breathe for several hours in hydrogen; after a time respiration ceased, 
although life was not extinct. For a time the respiratory movements were renewed 
when the vessel in which the animals were included was agitated; but, after a longer 
period had elapsed, this was no longer the case. If, after being thus confined in 
hydrogen for two or three hours, the frogs are taken out and exposed lo the atmosphere, 
they appear perfectly dead; not the least sign of motion or sensation is observable in 
them. The heart being laid bare, if it is found to have ceased to beat, the animal will 
not revive. If it still beats, though at intervals of half a minute or a minute, the frog 
will generally recover without any external stimuli being applied, merely from the 
gradual oxidation of the blood in the vessels of the lungs, the want of which arteria- 
lisation was the cause of the asphyxia. The blood impregnated with oxygen, however 
slow the action of the heart, must at length reach the brain and the medulla oblongata, 
which then begins again to emit nervous influence. The first signs of the revival of 
the frog, which lies quite motionless, is the retraction of the extremities when theskin 
is pinched; after a short time it is seen to respire at long intervals, and in a few hours 
is quite lively. The cause, therefore, of the first excitement, and of the continued 
action of the medulla oblongata in determining the respiratory muscles to action, is 
the arterial blood.* 

* The arguments adduced by Professor Moller appear to the translator to be by no means 
sufficient to refute the opinion, that the respiratory movements are the result of reflex ner¬ 
vous action excited at first by the contact of the air witli the surface of the new-born infant, 
and afterwards by sensitive impressions in the lungs. Tlie continuance of the respiratory, 
movements in animals after the division of the nervi vagi may be due, ns Dr. Hall supposes, 
to the transmission of voluntary influence from the brain to the respiratory muscles; since 
respiration will not go on, he states, when both nerves are divided and the cerebrum removed, 
though either of these operations may be performed singly without checking the movements; 
or, what is perhaps more probable, the sensitive impressions in the lungs, which are usually 
conveyed to the medulla oblongata by the nervi vagi and sympathetic simultaneously, may 
now be transmitted solely by the pulmonary branches of the latter nerve, which is the ex¬ 
planation proposed by M. Grainger (on the Spinal Cord, p. 89), and Dr. J. Reid (Edin. Med. 
and Surg. Journ. No. xlix.) The last named pl»ysiol<>gists have shown by experiments that 
after the nervi vagi have been divided, animals still feel the sense of suflbeation, the “ besoin 
de respirer,” when the supply of air to their lungs is interrupted. Again, the fact that a frog 
denuded of its skin or immersed in water will continue to breathe, and the circumstance of 
the liquor amnios,—a fluid of the same or nearly the same temperature as the body of the 
fetus,—not exciting in it respiratory movements, do not prove that the impres.'ion made on 
the cutaneous nerves by the cooler air when the foetus escapes from the uterus, may not be 
the exciting cause of the first inspiration. Such was the explanation of the first inspiration 
proposed by Sir G. Blane, and it is in some measure confirmed not only by the well-known 
fact that cold water or cold air suddenly coming in contact with the surface of the body gives 
rise to a deep inspiration, but also by an interesting observation made by Dr. Heming, of a 
child just born apparently asphyxiated beginning to breathe when the tool air was admitted 
by raising the bedclothes. (Dr. Hall’s Memoirs on the Nervous System, p. 88. A similar 
but most extraordinary case is related by Dr. Wagner. Medicin. Zeitung, Jan. 1838. Brit.* 
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9. What regulates the rhythm of the respiratory movements! 

In the muscles of the extremities the power of continued action is evidently much 
greater than in the muscles engaged in respiration; thus we can continue standing or 
bear a w'eight for a long period, but can prolong the movement of inspiration or that 
of expiration only for a very limited time. Any muscular motion, however, may be 
persisted in for a very long period, if made to alternate with other motions. It is not, 
therefore, the nervous principle that is deficient in these cases, for there is nervous in¬ 
fluence sufficient for other muscular actions: the defect must be either in the con¬ 
ducting power of the nerves, or in the contractility of the muscles; one or the other 
of which, or perhaps both, are exhausted by the movement performed. The regular 
alternation of inspiration and expiration, and the regular succession of the three acts 
in the respiration of frogs, show pretty distinctly that neither of the preceding modes 
of explanation is sufficient to account for them; but that some unknown influence is 
in operation in the medulla oblongata, which causes each movement of the nervous 
principle towards the inspiratory muscles to be followed by a motion of the same 
principle towards the muscles of expiration, and vice versa; so that, as in a pendulum 
or balance, the movement in one direction necessitates the movement in the opposite 
direction. 

The respiratory movements are not the only periodic automatic muscular actions of 
daily occurrence which are due to the influence of the central organs of the nervous 
system. The motions of the muscles of the eye and of the iris during sleep present 
us with another example of these automatic muscular actions. During sleep the eye 
is turned somewhat inwards and upwards, and the iris is much contracted, although 
light is quite excluded. The eye takes this position even before sleep has come on; 
and the position of the double images which a person sees when he finds himself on 
the point of falling asleep, proves that the eyes are turned inwards. 

Automatic movements of the animal system with a persistent type. The sphincters of 
the animal system. —Although w'e have voluntary power over these muscles to 
strengthen their contraction, yet their action continues independently of volition 
during sleep as well as in the waking state, and it cannot be voluntarily interrupted, 
except by exerting a counter pressure against them by their antagonist muscles. The 
principal sphincters of the animal system are the sphincter ani and the sphincter 
vesicae, which is to a certain extent subject to the animal system of nerves. The 
force and impulse to contraction of these muscles are derived from the spinal cord. 
Injuries of the spinal cord cause their permanent relaxation, and the consequent in¬ 
voluntary escape of the faeces and urine; this relaxation of the sphincters sometimes 
also occurs under the influence of depressing passions, which have the effect of 
weakening the power of the cord. Dr. Hall has shown that the sphincter ani of the 
turtle remains contracted as long, but only so long, as the lowest portion of the spinal 
/:ord is left uninjured. 

The action of the sphincters must be owing to an incessant motor excitement of 
their nerves. In considering the antagonistic muscular action, however, we shall 
become acquainted with facts which prove that not the sphincters alone, but indeed 
all the muscles of the animal system, are subject to this constant motor excitement. 

We have thus seen involuntary movements partly of periodic character, partly per¬ 
sistent, which are dependent on the influence of the brain and spinal cord. The same 
phenomena are observed as symptoms of disease of the central organs of the nervous 
system; persistent as well as intermittent muscular spasms, muscular contractions 
often occurring at very regular intervals, involuntary motion of the head to and fro, 
trembling of the limbs and the tonic cramps returning at regular periods, are ex¬ 
pressions of morbid states of those organs. It is not known why the motions assume 
these characters; it has been observed merely that the enduring contractions more 
generally attend the diseases of a completely local and fixed nature, although every 
kind of disease of these organs is capable of giving rise to periodic convulsive affec¬ 
tions. As a general rule, indeed, nearly all affections of the nervous system which 
are attended with muscular contractions come on in paroxysms; and even inflammation 

and For. Med. Rev. April. 1838.) The theory of Professor Mdller, that the cause of the first 
respiration is the iinpressiori made on the medulla oblongata by the arterial bhiod, is clearly 
open to the olqection that the blood could not be rendered arterial, and therefore could not 
excite the medulla oblongata, until respiration had been at least once performed. 
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of the spinal cord, though the cause has here a uniform action, gives rise to tetanic 
convulsions, which occur in paroxysms. These phenomena, together with the periodic 
character of the attacks of epilepsy, while the operation of their causes is constant, 
seem to show that the excitability of the nervous centres is exhausted by the constant 
impression of morbid irritation, just as the excitability of the nerves is temporarily 
lost under the influence of impressions which excite them, in consequence of the 
change produced in the nervous matter by the excitement, and that the power of re¬ 
acting depends in both cases on the excitability being restored by rest. The fading 
away of the image of a coloured spot on which the eyes are long fixed, and its reap¬ 
pearance after an interval, and the periodic daily return of the states of sleep and 
waking in the sensorium, are phenomena which are typical of all such healthy or 
morbid periodic actions; for in these instances also the reaction ceases at intervals for 
a time, although the exciting impressions are constantly the same. 

3. Jintagonistic movements .—The action of muscles is not restricted 
to their occasional contraction when excited by discharges of nervous 
influence. There are grounds for believing that the muscular fibres, 
particularly those of the animal system of muscles, are constantly in a 
state of slight contraction, even during their apparent repose. The re¬ 
traction of divided muscles in a living body, and, still more, the mani¬ 
fest contraction of muscles of which the antagonists are divided or 
paralysed, are in favour of this opinion. When the muscles of one 
lateral half of the face are paralysed, those of the opposite half draw 
the features towards their side. The tongue, when one-half of it is 
paralysed, is always drawn to the opposite side; and in cases of 
removal of the middle portion of the lower jaw, whereby the muscles 
which draw the os hyoides and tongue forwards,—namely, the ante¬ 
rior belly of the digastricus, the mylo hyoideus, the genio-hyoideus, and 
the genio-glossus,—lose their fixed point of attachment, the os hyoides 
is drawn backwards by the stylo-hyoideus, and the tongue by the stylo¬ 
glossus, so forcibly, that great danger of suffocation arises. Hence it 
would appear that the state of inaction of the different parts of our 
body does not indicate an absolutely relaxed condition of the muscles, 
but rather that the different groups of muscles antagonise and balance 
each other; and that when the position of a part is changed from the 
medium state of apparent rest, one or more of the muscles, already in. 
a state of antagonistic action, are merely thrown into more powerful 
contraction. 

The antagonism of muscular motions is of great pathological import¬ 
ance. Distortions are produced by the balance of the action of muscles 
being destroyed. Clubfoot, for example, which may take its rise dur¬ 
ing the first months of pregnancy as well as after birth, is frequently 
owing to the proper balance in the antagonistic action of the muscles 
which elevate the inner and outer borders of the foot being lost, and is 
often cured by restoring the balance of action. Either the peroneal 
muscles which elevate the outer border of the foot are partially para¬ 
lysed, or the muscles which raise the inner border are in a state of 
“ paralytic contraction.” In either case the foot rests on its outer 
margin, and is drawn inwards by the tibialis posticus muscle. After a 
time, however, the position of the bones forming the joints is altered; 
the os naviculare is generally turned inwards, and the head of the 
astragalus, left partly exposed, forms a prominence on the dorsum of the 
foot. In pes equinus, in which the heel is drawn up and the foot rests 
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on the toes, the gastrocnemii are tensely contracted, and nevertheless 
sometimes atrophied. A contracted state and atrophy of the muscles 
are not incompatible with each other. There is a kind of paralytic 
loss of power in muscles which is combined with contraction;’^ we 
have seen the gastrocnemii both contracted and atrophied at the same 
time. 

Curvatures of the vertebral column certainly in many cases arise 
from scrofulous inflammation of the intervertebral ligaments and verte¬ 
brae, producing softening, enlargement, suppuration, and loss of sub¬ 
stance, but still more frequently they are owing to loss of balance in the 
action of the muscles of the trunk. That the curvature is of the latter 
kind may be known by the absence of the signs indicating rachitis, and 
by the affection being benefited by gymnastic exercises. These spinal 
curvatures are, therefore, analogous to clubfoot and pes equinus. In 
tubercular suppuration of one lung, the thorax on that side is not ele¬ 
vated in respiration, because the lung is incapable of distension; the 
thoracic muscles of that side are not really paralysed. 

4, Movements arising from reflex nervous action. —The nature of 
the reflected motions has been already fully investigated and explained. 
(See Book IV. sect. iii. cap. hi.) They include all muscular actions 
which arise from impressions on sensitive nerves exciting motor nerves 
to action through the intervention of the brain and spinal cord. They 
arrange themselves into two principal groups. 

a. Reflected motions of the animal system. —These are the reflex 
motions of muscles which are under the influence of cerebro-spinal 
nerves; the impression which excites them may be made either on 
animal or on organic nerves; for example, in the skin or in the intestinal 
canal. Coughing from irritation of the mucous membrane of the lungs 
and larynx, vomiting from irritation of the mucous membrane of the 
pharynx, stomach, or intestine, and the contraction of the iris from 
irritation of the optic nerve, are examples of these reflex motions, of 
which we have described innumerable instances in the chapter on ner¬ 
vous reflexion, p. 552. 

b. Reflected motions of the organic system. —The movements of 
the organic involuntary muscles under the influence of impressions 
propagated to the brain and spinal cord, whether from parts supplied 
by cerebro-spinal nerves, or from organs under the influence of organic 
nerves, have been considered at page 567. The motion of the heart 
can be aflected by impressions made at any part of the body, the spinal 
cord being the medium of transmission of the influence. The various 
symptoms of fever are probably due to the impression communicated 
from some one organ to the spinal cord, and perhaps to the brain also, 
by organic nerves (see p. 611). 

5. The associate or consensual movements ,—These phenomena have already been con¬ 
sidered generally, and their cause investigated (p. 533). Their peculiarity consists 
in the voluntary impulse to one motion giving rise to the production of other motions 
contrary to, or independently of, the will; thus, whenever the eye is voluntarily 
directed inwards, the iris contracts. The less perfect the action of the nervous system, 
the more frequently do associate motions occur. The motions of the irides, of the 

* See Ollivier, Traite de la Moelle epiniere et de ses Maladies, t. ii. p. 709. 
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muscles of the ear, of the eyelids, and of the extremities, in the attempt to effect 
opposed motions, are examples of such association (see p. 583-4). 

Some of the most remarkable facts illustrating the association and antagonism of 
muscular actions are presented by the muscles which move the eyes. The corre¬ 
sponding branches of the third or motor oculi nerve of the two sides have a remarkable 
innate tendency to consensual action, a tendency which cannot be ascribed to habit. 
The two eyes, whether moved upwards, downwards, or inwards, niust always move 
together; it is quite impossible to direct one eye upwards and the other downwards at the 
same time. This tendency to consensual motion is evidenced even from the time of 
birth; it must, therefore, be owing to some peculiarity of structure at the origins of 
the two nerves. There is an innate tendency and irresistible impulse in the corre¬ 
sponding branches of the third nerve to associate action; while in the sixth nerves not 
only is this tendency absent, but the strong action of one of these nerves is incom¬ 
patible with the action of the other. These innate tendencies in the third and sixth 
nerves are extremely important for the function of vision: for if, in place of the sixth 
nerves, the external recti muscles had received each a branch of the third nerve, it 
would have been impossible to make one of these muscles act without the other; one 
eye, for example, could not have been directed inwards while the other was directed 
outwards, so as to preserve the parallelism or convergence of their axes, but they 
would necessarily have diverged when one rectus externus had been made to act 
voluntarily. These considerations enable us to understand perfectly the hitherto 
enigmatical fact that in all vertebrata the external rectus muscle receives a special 
nerve.* 

In the same way we may explain why the superior oblique muscle has received a 
special nerve (the fourth nerve or n. trochlearis), which likewise has no tendency to 
consensual action with the nerve of the other eye. It is necessary, however, first to 
determine the action of the oblique muscles. The inferior oblique moves the pupil 
inwards and upwards; this can be very easily demonstrated by laying bare the muscle 
from the front, the eye and orbit being undisturbed, and by then drawing the muscle 
towards its point of origin. The superior oblique muscle rolls the eye downwards 
and somewhat outwards. Sir C. Bell [Nervous 8vo. 1824, p. 312,) has proved 

this by experiments on animals and on the dead human subject. 'I’he two superior 
oblique muscles have no tendency to associate motion with each other; the fourth 
nerve in this respect resembles the nervusabducens of the external rectus. When one 
eye is directed downwards and outwards, the other eye is not also directed downwards 
and outwards, but downwards and inwards; this is the case from birth upwards; it 
proves that the motion of the superior oblique of one eye through the influence of the 
trochlearis is incompatible with the action of the corresponding nerve and muscle of 
the other eye. It is not so with the inferior oblique; the branch of the third or motor 
oculi nerve, by which it moves the eye upwards and inwards, has a tendency to con¬ 
sensual action with its fellow nerve of the opposite side; the motion of the eye up¬ 
wards and inwards takes place therefore simultaneously on the two sides; it does so 
indeed involuntarily during sleep. This position, which the eye takes during sleep, 
and also in hysterical paroxysms, may be regarded as the effect of the simultaneous 
action of all the branches of the nervus motor oculi. Muscles, we have seen, (page 
669,) are slightly contracted even in the state of rest; and, if we suppose all the 
branches of the motor oculi nerve to be in a state of slight excitement, both eyes 
would necessarily be turned upwards and inwards. The superior and the inferior 
rectus would balance each other’s action; the internal rectus would draw the eye in¬ 
wards, and the inferior oblique upwards and inwards; the corresponding branches of 
the third nerve which supplies these muscles being consensual in their action, both 
eyes would be simultaneously directed upwards and inwards. 

Let us consider another eflect which would have resulted if the rectus externus 
muscle had, in place of the sixth nerve, received a branch of the third nerve: had such 
been the case, the simultaneous direction of one eye upwards and inwards, and of the 
other upwards and outwards, which so often happens, would have been impossible. 
While the inferior oblique, and the simultaneous action of the superior and internal 
straight muscles, directed the one eye upwards and inwards, the same muscles, owing 
to tlTe association of action, would have given the other eye the same direction; it 

* Compare lessen, Beitr&ge z. Erkenntniss d. psychisch. Lebens. 1831, 183. 
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could not have been directed upwards and outwards. Hence it was necessary that 
there should be a special nerve having no tendency to associate action with its fellow 
nerve, but capable, by the stronger contraction of the external rectus which it supplies, 
not only of preventing the second eye from being carried upwards and inwards by the 
inferior oblique and superior and internal straight muscles acting consensually with 
the same muscles of the first eye, but also, with the aid of the superior straight muscle, 
of carrying it upwards and outwards. The same remarks apply in the case of the 
motion of the one eye downwards and inwards, and of the other eye downwards and 
outwards. If one eye be turned downwards and inwards by the rectus inferior and 
the rectus internus, the other eye is turned downwards and outwards by the rectus 
inferior and rectus externus, aided by the obliquus superior, which being also sup¬ 
plied by a special nerve,—the fourth,—no tendency to consensual movement in the 
corresponding muscle of the opposite eye is excited. The fourth nerve—nervus tro- 
chlearis—belongs also to the nerves of expression. 

The associate motion of the iris, when the motor oculi nerve is thrown into action, 
has been described and explained at page 593. 

The organic muscles also are, in some measure, subject to the laws of association. 
At pages 568-9, reasons are given for believing that the increased frequency and force 
of the heart’s action during muscular exertions of the body is owing to this cause. 
The action of the voluntary muscles has an influence on that of the intestinal canal; 
neglect of bodily exertion is often productive of torpidity of the bowels; every one is 
aware how beneflcial muscular exercise is in preserving the regularity of the muscular 
action of the intestines and regularity of excretion. 

6. Movements dependent on certain states of the mind. —There are 
three classes of movements of this kind: 1, those dependent on mere 
ideas passing through the mind; 2, those arising from passions or the 
affections; and, 3, voluntary movements. 

a. Movements excited by ideas. —Certain groups of muscles of the 
animal system are in a constant state of proneness to involuntary mo¬ 
tion, owing to the susceptibility of their nerves, or rather the excitability 
of the parts of the brain from which they arise. This is the case with 
all the respiratory nerves, including the facial nerve. This excitability, 
this tendency to the discharge of nervous influence, is evidenced in the. 
sneezing which occurs occasionally from inteiUal causes; but the respi¬ 
ratory muscles may be excited to action merely by particular states of 
the mind. 

Yawning, inasmuch as it can be excited by the mere idea, or by see¬ 
ing or hearing another yawn, belongs to the same class of movements. 
The disposition to the movements of the features and the respiratory 
muscles that constitute yawning, exists previously; and it becomes 
manifested when the idea gives to the nervous principle the deter¬ 
minate direction. 

h. Movements due to the passions of the mind. —It is principally 
the respiratory portion of the nervous system which is involuntarily 
excited to the production of muscular actions by passions of the mind. 
Here again we see that any sudden change in the state of the brain, 
propagated to the medulla oblongata, immediately causes a change of 
action in the respiratory muscles, through the medium of the respiratory 
nerves, including the respiratory nerve of the face. There are no data 
for either proving or refuting the hypothesis that the passions have their 
seat of action in a particular part of the brain, whence their effects 
might emanate. But these effects are observed to be transmitted in all 
directions by the motor nervous fibres, which, according to the nature 
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of the passion, are either excited or weakened in action, or completely 
paralysed for the time. 

The exciting passions give rise to spasms, and frequently even to 
convulsive motions affecting the muscles supplied by the respiratory 
and facial nerves. Not only are the features distorted, but the actions 
of the respiratory muscles are so changed as to produce the movements 
of crying, sighing, and sobbing. Any passion of whatever nature, if of 
sufficient intensity, may give rise to crying and sobbing. Weeping may 
be produced by joy, pain, anger, or rage. During the sway of depressing 
passions, such as anxiety, fear, or terror, all the muscles of the body 
become relaxed,—the motor influence of the brain and spinal cord being 
depressed. The feet will not support the body, the features hang as 
without life, the eye is fixed, the look is completely vacant, and void 
of expression, the voice feeble or extinct. Frequently the state of the 
feelings under the influence of passion is of a mixed character; the mind 
is unable to free itself from the depressing idea; yet the effort to con¬ 
quer this gives rise to an exciting action in the brain. In these mixed 
passions the expression of relaxation in certain muscles,—in the face, 
for example,—may be combined with the active state of others; so that 
the features are distorted, whether in consequence merely of the antago¬ 
nising action of the opposite muscles being paralysed, or by a really 
convulsive contraction. Frequently also, both in the mixed and the 
depressing passions, some muscles of the face are affected with tremors. 
The voluntary motion of a muscle half-paralysed by the influence of 
passion is necessarily of a tremulous character, in consequence of its 
being no longer completely under the influence of the will. We expe¬ 
rience this particularly in the muscles of the face when, during the sway 
of a depressing or mixed passion, we endeavour to excite them to 
voluntary action; the muscles of the organ of voice also, under such 
circumstances, tremble in their action, and the words attempted to be 
uttered are tremulous. 

The nerve most prone to indicate the state of the mind during pas¬ 
sions is the facial; it is the nerve of physiognomic expression, and its 
sphere of action becomes more and more limited in different animals, in 
proportion as the features lose their mobility and expressive character. 

The completely different expression of the features in different pas¬ 
sions shows that, according to the kind of feeling excited, entirely dif¬ 
ferent groups of the fibres of the facial nerve are acted on.* Of the 
cause of this we are quite ignorant. 

The disturbed action of the heart during mental emotions is a remark¬ 
able instance of the influence of the passions over the movements of 
organs supplied by the sympathetic nerve. 

c. Voluntary movements .—The cerebral and spinal nerves are alone 
capable of exciting voluntary motion. The history of cases of paralysis 
from disease of the spinal cord shows that the fibres of the spinal nerves 
are continued upwards to the medulla oblongata, and that the will has 
no direct action on them at any other part of their course than in the 

* On the imitative movements, consult Huschke, Mimices el Physiognomices 
Fragment. Physiol. Jena, 1831. 
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medulla oblongata, which is the source of all the voluntary movements. 
Again, the origin of the greater number of the cerebral nerves from that 
part of the nervous centres, and the possibility of tracing the roots of 
motor nerves apparently arising from other parts of the brain to the 
same point, as well as the history of lesions of the brain, prove that the 
cerebral motor nerves also receive their voluntary incitement to action 
from the medulla oblongata. 

The fibres of all the motor, cerebral, and spinal nerves may be ima¬ 
gined as spread out in the medulla oblongata, and exposed to the influ¬ 
ence of the will, like the keys of a piano-forte. The will acts only on 
this part of the nervous fibres; but the influence is communicated along 
the fibres by their action, just as an elastic cord vibrates in its whole 
length when struck at any one point. It is in the present state of our 
knowledge—and perhaps always will be—impossible to determine how, 
by an exertion of the will in the medulla oblongata, the nervous fibres 
are excited to action. All that we can do is, to consider the fact in its 
greatest simplicity. 


CHAPTER II. 

OF THE COMPOUND VOLUNTARY MOVEMENTS. 

By the compound voluntary movements we understand all combina¬ 
tions of movements in determinate groups, which the mind has a share 
in producing. The kinds of motion treated of in the preceding chapter 
may enter as elements into the composition of these combined move¬ 
ments. We have here to consider the simultaneous series of voluntary 
movements consequent on several series of ideas, the associations of 
movements, and of ideas with movements, the instinctive movements, 
and the movements of locomotion. 

a. Simultaneous series of movements .—Not only can motion be 
determined voluntarily for a given object in very different parts of the 
body at the same time; but voluntary movements for very different 
objects can likewise be simultaneously performed. It is easy to write 
and smoke at the same time; a performer on a musical instrument reads 
the notes both of the song and the accompaniment, calling the muscles 
of the eyes into action for this purpose, and sings and plays simultane¬ 
ously. 

h. ^Association of movements and ideas .—The rapidity and easy suc¬ 
cession of movements are promoted by their frequent repetition. This is 
what we call practice. A person who is not practised cannot, in a con¬ 
stant rapid change, interrupt and again renew the same movement, or 
execute complex movements with regularity. The effect of practice 
shows that the more frequently the same fibres are thrown into action, 
the easier does their action become.* 

♦ The laws of the association of voluntary movements have been so frequently ex¬ 
plained, that they are now very generally recognised, even in writings on practical 
medicine. The phenomena of association have been studied more especially by Dar- 
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We have to consider this kind of association in two points of view. 

1. Association of movements with movements. Hitherto the invo¬ 
luntary consensual or associate movements have been frequently con¬ 
founded with the voluntary associated movements. The former depend 
on the influence voluntarily directed in the sensorium to the excitement 
of one nerve extending involuntarily to another. Thus one eye cannot 
be voluntarily raised without the other being also raised involuntarily. 
Such phenomena are not the result of practice; their cause is innate. 
They are observed to the greatest extent in the persons least practised; 
and the object of practice, and the education of the muscular move¬ 
ments, consist partly in learning to confine the action excited by the 
will to single groups of nervous fibres. The result of exercise or prac¬ 
tice with respect to these movements is therefore the diminution of the 
tendency to the involuntary association. It is quite otherwise with the 
association of voluntary movements. Here practice developes in the 
muscles the capability for rapid succession or simultaneous execution 
of movements, when the muscles as yet have but little proneness to 
such association. The effect of practice is, therefore, in this case, the 
very reverse of its result in the case of the involuntary associate move¬ 
ments. Practice diminishes or annuls the innate tendency to involun¬ 
tary association of movements, while it renders the voluntary associa¬ 
tion of several muscles in action more easy. 

2. Association of ideas and movements.—The connection between 
ideas and movements is sometimes as close as that between different 
ideas; thus, when an idea and a movement have frequently occurred in 
connection with each other, the idea often excites the involuntary pro¬ 
duction of the movement. Hence it is that a threatening movement 
before the eyes, even the passing of another person’s hand in front of 
them, causes the eyelids to be involuntarily closed; that we are accus¬ 
tomed always to accompany the expression of certain ideas with certain 
gestures, and that we involuntarily move our hands to catch a falling 
body. It is a general rule that the more frequently ideas and move¬ 
ments are voluntarily associated together, the more prone are the 
movements to be excited by those ideas rather than by the will, or to 
be withdrawn from the influence of the will. 

The association of movements with certain ideas is not an isolated 
fact of its kind, even if we do not take into account the frequent asso¬ 
ciation of ideas with each other. Ideas do not act merely on the motor 
apparatus by which they are expressed; they as frequently affect the 
qrgans of sense, which then present sensorial impressions or images of 
the ideas. There is a great difference between the idea of a disgusting 
sensation and the sensation of disgust itself, and nevertheless the mere 
idea of a nauseous taste can excite the sensation even to the production 
of vomiting. The quality of the sensation is a property of the sensitive 
nerve, which is here excited without any external agent. The mere 
sight of a person about to pass a sharp instrument over glass or porce- 

win, and are described in hia Zoonomia, vol. i. Compare also Reil, Fieberlelire, iy. 
p. 609; Reil, von der Lebenskraft; Reil’s Archiv. i.; and Brandis, Versuch fiber die 
Lebenskraft. Hannover, 1795. 
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lain is sufficient, as Darwin remarks, to excite the well-known sensation 
in the teeth. The mere thinking of objects capable when present of 
exciting shuddering, is sufficient to produce that sensation of the surface 
ill irritable habits. The special properties of the higher senses, sight 
and hearing, are rarely thus excited in the waking state, but very fre¬ 
quently in sleep and dreams; for, that the images of dreams are really 
seen, and not merely present in the imagination, any one may satisfy 
himself in his own person by accustoming himself regularly to open his 
eyes when waking after a dream. The images seen in the dream are 
then sometimes still visible, and can be observed to disappear gradually. 
This was remarked by Spinoza, and I have convinced myself of it in 
my own person.* 

c. Instinctive movements .—The combined movements, of which the nature is most 
obscure, are incontestably the instinctive. All those acts of animals are instinctive, 
which, though performed voluntarily, do not nevertheless depend primarily on the 
mere will of the animal, which have an object according with the wants of the organ¬ 
ism but unknown to the animal, and of which the hidden cause, acting in accordance 
with the design of the system, incites the animal to the necessary acts by presenting 
to its sensorium the “theme” of the voluntary movements to be executed in detail by 
the influence of the w’ill. When incited by instinct, we are conscious only of feelings 
and impulses to determinate acts. And these instinctive impulses in the human sub¬ 
ject are few; the impulse to the movements of sucking in the infant is an instance. 
The acts which lead to the exercise of the sexual impulse are in animals generally 
excited by instinct; in man this is certainly only in part the case. Even admitting 
the embrace of forms which excite the feeling of love to he the result of an im¬ 
pulse implanted in ns, the first of our race undoubtedly learnt the rest by experience. 
The number of the instinctive acts is great in animals in proportion to their incapa¬ 
bility of accomplishing the design for which their species was created by their mental 
powers. This is not the place to recount the great number of the instinctive acts con¬ 
nected with the migration of animals, the construction of nests and dwellings, the 
formation of webs, and the rearing of young. 

The cause of instinct appears to be the same power as that on which the first pro¬ 
duction of the animal, and the perfection of its organisation in unison with an eternal 
law, depend.f The instinctive acts of animals show us that this power, which, inde¬ 
pendent of any organ, forms the whole organisation with reference to a determinate 
purpose and in accordance with an unchanging law, has moreover an action beyond 
this; they prove that it influences the voluntary movements. That which is etfected 
by the instinctive movements is equally in accordance with a determinate purpose, 
and as necessary for the existence of the genus and species as the organisation itself; 
but while, in the case of the organisation of the being, the object attained formed part 
of the organism, in the case of the instinctive movement it is something in the exterior 
w'orld; the mental power of the animal is incited by the organic creative force to con¬ 
ceive, and to attempt to attain, some special object. The primary cause of instinct is 
therefore not seated in any one organ, but is identical with the creative force of the 
organisation, the operations of which are guided by an unvarying law and a rational 
principle. The influence of this force in the production of instinct is, however, first 
manifested in the sensorium. The expression of Cuvier with reference to instinct is 
very correct. He says, that animals in their acts of instinct are impelled by an innate 
idea,—as it were, by a dream. 

From the acts due to instinct, we must distinguish certain others which many ani¬ 
mals are able to perform with great precision even during sleep after they have by 
previous practice gradually acquired the necessary ability. Many birds sleep standing 

♦ See Gruithhuisen, Beitrage zur Physiognosie u. Eautognosie. Miinchen, 1812; 
and J. Muller, fiber die phantastischen Gesichts erscheinungen. Coblenz, 1826. 

t Tlie attributes of the creative organic force or power have been considered at pages 
31-2. 
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upon one leg. They preserve their equilibrium with the greatest certainty, and there 
is no rest to the force exerted in these acts, though the sensorial operations of the sen- 
sorium be quite suspended. Sleep-walking is a similar phenomenon. It is not instinct 
that leads the somnambulist, but the faculty of walking safely acquired by experience, 
which faculty he continues to exercise even during sleep. All the knowledge acquired 
by education and experience with reference to maintaining his balance is put in prac¬ 
tice; it is by the operation of his mind alone, and not by instinct, that he is prevented 
from falling: but his sensorium is active in one direction only, and in no others; and 
the circumstance of his being, in consequence of this limited action of his faculties, 
ignorant of danger, renders him secure, and carries him safely past precipices. These 
phenomena are indeed not so difficult of explanation as at first sight appears. The 
security with which a person walks over a moderately sloping surface depends en¬ 
tirely on his knowing that it is not at a great elevation. The same sloping surface on 
a steep hill appears dangerous and difficult to ascend; and provided a person does not 
see any danger in the last case, he will pass over the ascent as securely as if it were 
at a little distance only from the surface of the earth. 

d. Co-ordinate movements .—Although the movements of locomo¬ 
tion are dependent on the will, the appropriate combination of the 
separate muscular acts necessary for them appears, nevertheless, to be 
rendered more easy by some internal disposition of the nervous system, 
and there seems to subsist between the nervous centres, the groups of 
muscles and their nerves, a harmony of action dependent on original 
structure. This idea is suggested by the experiments on the functions 
of the cerebellum and the spinal cord. Decapitated birds are seen to 
make all kinds of attempts at locomotion. The same has been observed 
ill frogs. Although they have not the character of voluntary move¬ 
ments directed by the influence of the brain, still there prevails a certain 
unison between the different acts of such tumultuous movements ob¬ 
served in geese after decapitation. 

The experiments of M. Flourens, show that there exists not merely 
in the spinal cord a provision for the performance of certain groups of 
movements in unison, but that the cerebellum more especially rules 
over the combination of the muscular actions required for locomotion 
(see pages 625 and 638). Injuries of the cerebral hemispheres, or their 
removal, did not deprive the animals of the power of executing com¬ 
bined movements. But the removal of the cerebellum produced not 
merely weakness, but loss of all harmony in the action of the groups of 
muscles. 


CHAPTER III. 

OF THE MOVEMENTS OF LOCOMOTION. 

Many animals are for the most part destitute of locomotion^ and are only capable of a 
relative movement of particular parts with reference to the rest of the body. Some of 
these animals are fixed by one part of their body; others lie free. 

Many animals belonging to very different classes are free during one part of their life^ 
and fixed at another. —Some are first fixed, and afterwards free: of this, the Vorticelfse, 
according to Ehrenberg, afford us an example. Others are free during the earlier stage 
of their life, and afterwards become fixed, and destitute of all locomotion; of which 
remarkable circumstance, the interesting observations of Von Nordmann respecting 
theXernaeae, of Duges respecting the Hydrachnida, and of Burmeister on the Cir- 
rhopoda, present us with examples. 


57 * 
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ANIMALS ENDOWED WITH LOCOMOTION. 

The organs of motion in animals capable of changing their situation are sometimes 
cilia, bristles, laminas, or fins, sometimes articulated members. In other cases the 
movement is effected by the expulsion of fluids previously taken in; by undulatory 
movements of the different parts of the body, which are in turn fixed, drawn after 
other parts, or stretched forwards; or by the alternate dilatation and contraction of the 
whole body. 


(a) The author in describing the different movements of the animal 
frame, performed under the guidance of volition, has omitted a descrip¬ 
tion of the passive organs of the apparatus by which these movements 
are performed. These organs are the bones and articulations, constitut¬ 
ing the levers which are set in motion by the muscles, or the active 
organs. Restricted as I am to limited space, I must content myself with 
a very slight sketch, and in giving it, shall borrow from one of the 
lectures on the Institutes of Medicine, which I used to deliver at the 
Philadelphia Medical Institute. Before doing so, however, I will intro¬ 
duce the remarks of the author on the structure of bone. 

Bones ,—By macerating bones in dilute muriatic acid the earthy matter is ex¬ 
tracted, leaving the cartilage. The cartilage of bone has essentially the same struc¬ 
ture as permanent cartilage, and before ossifi^cation has all its characters. If, after the 
earthy matter is extracted from the cartilage of bone, the maceration in dilute acid is 
continued for a considerable time, the cartilage separates into layers like those of an 
onion. Without this continued maceration of the cartilage, however, these laminse 
can be recognised; in the flat bones they are arranged parallel to each other in the 
plane of the surfaces of the bone, in the cylindrical bones concentrically around the 
medullary cavity. Besides these concentric laminas there are other secondary lamellae, 
forming concentric circles around the osseous canals, which are seen in great numbers 
on the surface of any section of bone. These osseous canals with their concentric 
laminae lie between the greater concentric laminae; they contain fatty matter and ves¬ 
sels, and represent in miniature the medullary cavity of the cylindrical bone. The 
osseous canals, also called medullary canals or Haversian canals, run longitudinally 
in the cylindrical bones, anastomosing occasionally; in spongy bones they are replaced 
by medullary cells. Much of the minute structure of bone cannot be seen in the car¬ 
tilage robbed of the earthy matter, but only in very thin sections of bone itself. 
When such sections of bone, ground very thin, are examined with the microscope, 
there are seen numerous oval corpuscules of the form of the corpuscules of cartilage; 
these are called the osseous corpuscules. From each of these small bodies radiate a 
number of minute canaliculi, some of which are branched. The diameter of these ra¬ 
diating canaliculi is to of a Paris line. They, as well as the corpuscules, 
appear dark when viewed by transmitted light, while the substance in which they are 
contained, if the lamina of bone is sufficiently thin, appears quite transparent. If the 
same laminae of bone are viewed by reflected light while lying upon a dark surface, 
the corpuscules and canaliculi appear w’hite; but acids render them transparent, which 
seems to show that they contain inorganic deposits either in their cavity or in their 
walls. The principal mass of the calcareous salts, however, must be contained, not 
in the corpuscules and canaliculi, but in the transparent substance in which they lie 
imbedded. For when laminae of bone are boiled with potash, which dissolves all, or 
the greater part of the cartilage, the calcareous salts are seen still filling the inter¬ 
spaces between the minute radiating canals. W’^hether the calcareous salts in this 
part of the osseous substance are united chemically or merely mechanically with the 
cartilage cannot be decided. The earthy material of bone consists in greater part of 
phosphate of lime with carbonate of lime, and small quantities of phosphate of mag¬ 
nesia and fluoride of calcium. The phosphate of lime of bone is a sub-salt in a pecu¬ 
liar state of combination, such as is always obtained when superphosphate of the 
earth is precipitated by excess of ammonia. The phosphate of lime of the urine is a 
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super-salt, and is in a state of solution. In raollities ossiutn this soluble phosphate 
seems to be excreted by the kidneys in increased quantity. 

Berzelius’s analysis of bone of the human subject and ox are as follows:— 



Human bone. 

Bone of the ox. 

Cartilage completely soluble in water 

32.17; 

33.30 

Vessels. 

1.13^ 

Subphosphate of lime . . 

51.04 

55.45 

Carbonate of lime 

11.30 

3.85 

Fluate of lime .... 

2.00 

2.90 

Phosphate of magnesia. 

1.16 

2.05 

Soda with a minute proportion of 1 
chloride of sodium . . ^ 

1.20 

2.45 


100.00 

100.00 


Schreger states that in the bones of a child the earthy matter constitutes in the 
bones of an adult f, and in those of an old person | of the whole mass.* 

That the phosphorus and calcium exist in the bones in the state of phosphate of 
lime, is proved by the affinity evinced by madder, when taken as food, for the bones 
of living animals, which it colours red. 

The animal constituent of bone or its cartilage is composed of gelatin. A remarka¬ 
ble fact, which my investigations have elicited, is, that the cartilage of bone before 
ossification consists of chondrin, but afterwards of the ordinary gelatin. Bones 
affected with mollities ossium no longer yield gelatin, but contain a large quantity of 
fatty matter. 

The intimate structure of cartilage has been described in a former Book, p. 106, 
and its divisions atp. 116. 

Organs of Support. —Man, as well as the other vertebral animals, 
(mammiferae, birds, reptiles and fishes,) has an internal skeleton, formed 
of a great number of bones articulated together and set in motion by 
the muscles with which they are covered. This skeleton, called the 
osseous system, serves as a foundation to the animal machine, yields a 
firm support to all its parts, determines the size of the body, its propor¬ 
tions, forms and attitudes. Without the bones, the body would have no 
permanent form, and could not easily move from one place to another: 
they constitute in fact its levers, and transmit the weight of our parts to 
the earth. The skeleton of the human subject is composed of the fol¬ 
lowing bones: thirty-two vertebrae, of which seven are cervical, twelve 
dorsal, five lumbar, five sacral, and three coccygeal. Of the ribs, 
seven pair unite at the sternum by cartilaginous prolongations and are 
called true ribs; the following five are named false ribs. The cranium 
has eight bones, viz. one occipital or occipito-basilary, two temporal, 
two parietal, the frontal, the ethmoid and the sphenoid. The bones of 
the face are fourteen in number,—two maxillary; two malar, each of 
which is joined to the maxillary of the same side by a kind of process 
which forms the zygomatic arch; two nasal; two palatine, the vomer 
between the nostrils; two spongy bones of the nose in the nostrils; two 
lachrymal ones at the internal sides of the orbits, and the single bone 
of the lower jaw or the inferior maxillary. Each maxillary bone has 
sixteen teeth, viz. four incisors in the middle; two pointed canine ad¬ 
joining, and ten molar, with a tuberculous corona, (five on each side,) 

* See Hildebrandt’s Anatomie by Weber, t. i. p. 316. On the composition of diseased bone, 
consult Bostock, Medieo-Chirurg. Trans, vol. iv.; and on the proportions of animal and earthy 
matter in different bones, healthy and diseased. Dr. Rees, Med. Chir. Transact, vol. xxi.; and 
Guy’s Bosp. Rep. No. viii. 
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forming in all thirty-two teeth.*^ The scapula has at the end of its 
spine or projecting ridge a tubercle, called acromion, to which is at¬ 
tached the clavicle; and above its articulation is a point called the cora¬ 
coid process for the attachment of some muscles. The radius turns com¬ 
pletely on the ulnar or cubitus, owing to the manner of its articulation 
with the humerus. The carpus has eight bones, four in each row; the 
tarsus has seven. The remaining ones of the hand and foot, or meta¬ 
carpal and metatarsal, are easily counted, being the same in number as 
the fingers and toes. The bones of the pelvis give support to the spinal 
column* above, and have cavities below for the articulation with the 
femur on each side—which again is articulated with the two bones of 
the leg,—tibia and fibula. 

The articulations which, as we have seen, unite the different bones 
of the skeleton, are not all intended to allow of motion. Several, as 
the serrated and squamous sutures and gomphosis, are entirely without 
motion, and are on that account termed synarthrosis. All the other 
articulations, whether the bones are in immediate contact {tliarthrosis 
of contiguity,) or whether they are united by a substance interposed 
between them (diarthrosis of continuity or amphiarthrosis), are en¬ 
dowed with a certain degree of mobility. These are the articulations 
which allow of extensive motion in every direction (diarthrosis orbi¬ 
cularis or rotatory), or which move only in two opposite directions (alter¬ 
nate diarthrosis or ginglymus), hinge-like, either by an angle (angular 
ginglymus) or by executing on each other motions of rotation (lateral 
ginglymus). 

In all the articulations, the osseous extremities are covered by 
lamina, of a substance less hard than that of bone. These are the 
articulating cartilages, which answer the two purposes of giving to the 
ends of the bones the degree of polish necessary to their slipping freely, 
and to facilitate motion by the considerable degree of elasticity which 
they possess. 

The osseous system is, except at the joints, imbedded in, or covered 
by, muscles, which are almost always parallel to the bones that they 
are intended to move. They are really the active, while the bones 
may be called the passive, organs of motion. The direction of the 
former, parallel to the latter, which they are to move, makes them act 
to a disadvantage: the greater part of the muscles are besides inserted 
in the bones, very near the articulations or the centre of motion, and 
move them as levers of the third kind, that is, are placed between the 
fulcrum and the resistance. In addition to this, there is a loss of power 
in the muscular fibres acting frequently on the aponeurotic covering in 
place of the tendinous termination; and also in their passing over 
articulations in their way to the bone which they are to move. Owing 
to these causes, there is an erroneous misapplication of power and 
waste of the greater part of it. It has been reckoned, that the deltoid 
muscle employs power equal to 2568 pounds to overcome a resistance 
of fifty.t 

* The intimate structure of the teeth has been described at page 109. 

j- The compensating advantages will be stated at p. 684. 
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A few words now on the peculiar conformation of the human frame 
before we speak of its motions and attitudes. 

The foot of man is very different from that of all other animals, even 
the monkey: it is broad, the leg rests vertically on it; the heel is full 
beneath:—his toes are short and cannot bend to any extent; the great 
toe longer and thicker than the rest is not an antagonist to them. The 
foot then is adapted to the support of the body, but it can serve neither 
for prehension or catching hold, nor climbing: and, as the hands cannot 
furnish any aid in walking, man is the only animal truly bimanus and 
bipes, or with two hands alone and two feet alone for separate offices. 

The human body is arranged exclusively for a vertical or upright 
position. The feet furnish a support larger than any other of the 
mammiferae: the muscles which retain the foot and thigh in a state of 
extension are more vigorous, whence the projection of the calf of the 
leg and the hips: the flexors of the leg have their insertions higher up, 
which affords the knee a complete extension and leaves the calf more 
prominent; the pelvis is larger, which separates the feet and gives the 
trunk a pyramidal form favourable to an equilibrium: the necks of the 
thigh bones form with their body an angle which augments still more 
the separation of the feet and enlarges the base of the body: finally, the 
head in its vertical position is balanced on the trunk because its articu¬ 
lation is nearly beneath the centre of its mass. ( Cuvier, Regne Animate, 
t. i. pp. 82-83-84.) 

Man then can only support himself with any ease on his feet. He 
preserves the free use of his hands for the arts, and his organs of sense 
are situated most favourably for observation. The hands so much 
favoured on the side of freedom are not less on that of structure. The 
thumb longer in proportion than in the monkey’s gives greater facility 
for the prehension of smaller objects: all the fingers except the ring one 
have separate movements, which we do not find in other animals, even 
in the monkeys. The nails covering but one side of the end of the 
finger give a support to the touch without in any degree impairing its 
delicacy. The arms which support the hand have, moreover, a solid 
attachment by means of their large scapula, and their strong clavicle. 

Motion. The human body in its most common position or that of 
standing has its parts of sustentation and motion placed as follows: 

The head intimately united to the atlas forms with it a lever of the 
first kind, whose point of support or fulcrum is in the articulation of 
the sides of the substance of the atlas and of the axis, while the power 
and the resistance occupy each an extremity of the lever, represented 
the one by the face, the other by the occiput. The point of support 
being nearer to the occiput than to the forepart of the head, the face 
tends by its weight to fall forwards: but it is kept in equilibrium by the 
contraction of the muscles attached to its posterior part. The vertebral 
column, therefore, supports the head and transmits the weight of it to 
its lower extremity. 

The superior limbs, the soft parts of the neck and thorax, gravitate 
mediately or immediately upon the vertebral column, which on account 
of the weight of these parts requires great solidity. 
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In fact the bodies of the vertebrae, the intervertebral fibro-cartilages 
and the various ligaments which unite them, form a whole of great 
solidity. If, again, we consider that the vertebral column is formed 
of portions of erect cylinders, that it resembles a pyramid whose 
base rests upon the sacrum; that it presents three curves in opposite 
directions, which give it many times more resistance than if it had none, 
we shall have an idea of the resistance of the vertebral column. We 
also see it support not only the weight of the organs which gravitate 
upon it, but even frequently very heavy loads.* 

The weight of the organs supported by the vertebral column, being 
felt more at the forepart, muscles placed along its posterior part resist 
the tendency which it has to fall forwards. 

The vertebral column taken altogether represents a lever of the third 
kind whose point of support is in the articulation of the fifth lumbar 
vertebra with the sacrum, its power is on the parts which tend to draw 
the column forwards, and its resistance is in the posterior muscles. It 
is at the inferior part of this lever,—where the power principally acts, 
that nature has placed the strongest muscles, that the pyramid repre¬ 
sented by the vertebral column has the greatest thickness, and that the 
vertebral processes are more marked and horizontal,—there, lastly, it is, 
that we feel fatigue after standing a long time. 

The weight of the vertebral column and of the parts gravitating upon 
it, is transmitted directly to the pelvis, which, resting upon the thighs, 
represents a lever of the first kind, whose point of support is in the 
femoral articulations, and whose power and resistance lie before and 
behind. The pelvis also supports the weight of part of the abdominal 
viscera. 

The sacrum supports the vertebral column, and, acting like a wedge, 
it transmits equally to the two thighs, by means of the ossa ilii, the 
weight with which it is loaded. 

The muscles which run from the thigh to the posterior part of the 
pelvis prevent the latter from rising, and are the principal agents of the 
equilibrium of the pelvis upon the thighs; and nature has hence made 
them very numerous and strong. 

The neck of the thigh, besides its use in motion, is of utility in stand¬ 
ing, by directing the head of the thigh obliquely upwards and inwards; 
whence it supports the vertical pressure of the pelvis, and resists the 
separation of the ossa ilii, which the sacrum has a tendency to produce. 

♦ The quantity of elastic substance (intervertebral fibro-cartilage) interposed between 
the several vertebrae, is not so great as to occasion any insecurity in their connection, 
yet the aggregate elasticity of the whole renders the vertebral column very springy; 
so that the head rides upon its summit undisturbed by jars, and as upon a pliant spring. 
The central inelastic matter admitting of a ready variation of form though not of bulk, 
serves as a pivot, facilitating the motion of the vertebrae on one another. 

In the Squalus maximus or basking shark of Pennant, there is in the centre of the 
intervertebral connection a bag of water, and so great is the elasticity of the substance 
by which it is surrounded, that when the bag was cut into the expansion of the elastic 
matter projected the fluid to the height of four feet in a large and perpendicular stream, 
compressing the bag into a small compass and forcing its sides into numerous wrinkles, 
Abernethy's Lect. III. 
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The femur transmits the weight of the body to the tibia; but, from 
the mode in which the pelvis presses upon it, its inferior extremity has 
a tendency to be carried forwards, while the upper, on the contrary, 
inclines backwards; whence it follows, that to maintain it in equilibrium 
on the tibia, powerful muscles are required which may oppose this 
motion. These muscles are the rectus anterior and triceps femoris, 
whose action is favoured by the presence of the rotula or patella placed 
behind their tendon. The muscles of the posterior part of the leg, 
which are attached to the condyles of the thigh, also contribute to 
maintain this equilibrium. 

The tibia transmits the weight of the body to the foot; the fibula has 
no share in this. But, for the former bone to fulfil this office properly, 
muscles are requisite which may oppose the tendency of its upper ex¬ 
tremity to be carried forwards. The gemelli and soleus chiefly accom¬ 
plish this end. The foot supports all the weight of the body, for which 
it is well calculated by its form and structure; its sole has great extent; 
its skin and epidermis are very thick. Above the skin is a fatty layer, 
very thick, especially in those parts where the foot presses on the 
ground. This fat forms a kind of elastic cushion, calculated to weaken 
or diminish the effects of pressure from the weight of the body. 

The foot does not touch the ground to its whole extent; the heel is 
the external edge, the part corresponding to the anterior extremity of 
the metatarsal bones, and the point or pulp of the toes are the points 
which habitually touch the ground and transmit the weight of the body 
to it. 

The general mode of transmission is as follows;—the tibia transmits 
the weight of the body to the astragalus, and this to the other bones, 
chiefly the os calcis and the os scaphoides; from which the pressure is 
transmitted in part to the ground through the os calcis, and in part to 
the os cuboides, which, with the scaphoides, press in their turn by 
means of the ossa cuneiforma, upon the metatarsal bones: these resting 
upon the ground transmit to it nearly the whole pressure they sustain: 
the surplus is distributed to the toes, and at length likewise terminates 
on the base of support. As the pressure of the tibia is felt particularly 
at the inner part of the foot, the latter has a constant tendency to be 
thrown outwards, which is prevented by the fibula, and the foot is 
thereby kept in the straight position requisite for firm standing. 

The space between the feet with the surface which they cover is the 
base of support. The condition of equilibrium for standing erect is, 
that the vertical line drawn from the centre of gravity shall fall upon 
one of the points of the base of support. Standing will be so much the 
more firm as this base is broader, and is more firm when the two feet 
directed a little outwards and placed upon parallel lines, are separated 
by a space equal to the length of one of them. 


Mechanism of locomotion .—The essential principle of locomotion in its most different 
forms, swimming, crawling, walking, or flying, and in almost all animals, is, that 
parts of their body form arches, which in straightening themselves act against a fixed 
point of resistance. In some cases the arches are formed by the whole worm-like 
body, as in the crawling and swimming of some animals; in other instances, in place 
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of the arching and straightening of the body, the same is effected by the approximation 
and separation of the two sides of an angle; in which case one of the sides or branches 
of the angle, by the resistance it meets with from a solid or fluid substance, affords 
the fixed point which enables the separation of the two branches or opening of the 
angle to carry the other parts of the animal forwards. This is the principle of move¬ 
ment in animals with locomotive members, whether these be fins, wings, or legs, and 
whether they move in water, in the air, or on the ground: for even the air and the 
water afford resistance to bodies which strive to displace them; and the force exerted 
in displacing them reacts, in proportion to the resistance they give, on the body of the 
animal, and imparts to it a motor impulse in a determinate direction. In connection 
with this subject, the laws of the action of levers must necessarily be considered. 
Although many varieties of the lever are met with in the limbs of animals, yet they 
are for the most part so applied that power is lost; thu.s the muscles in many, indeed 
in most cases, act on them in an oblique direction, and are besides inserted very fre¬ 
quently near the fulcrum and distant from the moving end of the lever. There are 
more important objects thus attained than mere beauty of form. Had nature in every 
limb adopted the arrangement of lever calculated to give the most power, such a com¬ 
plexity, angularity, and awkwardness of form would have resulted, that the increase 
of impediments to a harmonious co-operation of parts would have caused the expendi¬ 
ture of force to be in the end even greater than it now is. Extent of motion also re¬ 
quired that the muscles should not be inserted far from the fulcrum of the lever: for 
had their insertion been placed nearer the moving extremity of the lever, power would, 
it is true, have been saved; but, on accopnt of the slight degree of shortening of which 
muscles are capable, (according to M. Schwann’s experiments, at most a third of their 
length,) extent of motion would have been lost,—the biceps, for example, would not 
have been able to bring the fore-arm close to the arm, which it can do in consequence 
of being inserted near the fulcrum. Velocity of motion, also, as well as extent, is 
gained by this mode of insertion of muscles, for in the same time that the part of the 
lever immediately acted on passes through a small space, the other end, far removed 
from the fulcrum and moving force, traverses a much greater space, and moves with 
proportionate rapidity.* 

Swimming .—In swimming, the essential act consists in the straightening of an 
arch which in becoming straight exerts pressure on the water. If we suppose a flexi¬ 
ble and elastic rod of the same size throughout lying in the water to become bent in 
the middle, and then straightened, the two halves of the arch would strike the water 
in the oblique direction with equal force, and the straightened rod would not be im¬ 
pelled forwards in the longitudinal direction. The result is the same when two levers 
of equal size united by a hinge are inclined towards each other and then extended, 
the mass of the two levers being the same; the power at their middle, which effects 
their approximation, will move each with equal force towards the other, and a force 
acting at the same part in such a manner as to extend the joint will move them with 
equal force from each other. But if the principal mass of the body form one of the 
levers, the force acting at the point of flexion will tend rather to move the smaller 
lever towards the larger one than this towards the smaller. While the larger lever 
will preserve its position in the water, the smaller one, both in flexion and extension, 
will alter its relative position to the larger mass. 

Walking and running .—In swimming, the body is borne up wholly or in part by the 
water, and its motor power is nearly entirely expended in the act of propulsion. In 
flying, the body is not supported by the medium in which it moves, and a certain 
additional amount of force is required to neutralise the tendency to fall after each act 
of propulsion. In walking, the body is both supported and moved forwards by its 
own strength; and there is this peculiarity, that the body in this movement is alter¬ 
nately supported on each extremity which is fixed on the ground, while by the other 
it is propelled forwards. One half of this movement is represented in a boat moved 
on the water by a pole pushed against the bottom; but what the water effects in sup¬ 
porting the boat is done by the other extremity in the act of walking in the air. In 


* On the movements of locomotion, consult Borclli, de motu Animalium. Lugd. Batav. 
1685. 4.—Barthez, None Mechanib der willkilhrlichen Bewcgungen des Menschen und der 
Thiere. Halle, 1800, 8. 
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leaping, in which the body for a short space of time is kept suspended in the air by 
the propulsive force imparted to it, the second act of the movement—that of support¬ 
ing the weight of the body—does not take place till the spring is completed. In this 
case, as in flying, the body is kept uj# by the same movement that propels it forwards; 
the medium serving for the point of resistance is, how^ever, different, namely a solid 
body. After the influence of one movement of the wings in flying has ceased, the 
bird is prevented from falling by a new movement of propulsion; at the end of the 
movement of leaping, the body is prevented from falling by supporting itself on a 
solid surface. 

The means by which these movements are performed in the human subject, is the 
extension of two joints flexed in opposite directions, namely, the ankle and knee- 
joints. By this act of one extremity the centre of gravity is carried forwards, while 
the weight of the body is supported towards the end of the movement by the second 
extremity. The two extremities alternately support and move the body. The move¬ 
ment of propulsion being exerted, not in the middle line, but by both extremities at 
the side, the extension of the joints gives an impulse not merely forwards, but towards 
the opposite side. The arm of the side on which the extremity is being extended is 
each time thrown forwards. 

The researches of Dr. Edward Weber concerning the articulations, {Muller's Archiv. 
1836, p. 54,) and those of MM. E. and W. Weber respecting the movements of walk¬ 
ing and running, have made us acquainted with many remarkable facts of a physical 
nature relating to these movements of locomotion, and with their laws. The physio¬ 
logy of these movements has first received a scientific accuracy from their discoveries. 
The most important facts w'hich they have established are the following, which I extract 
from their work.* In the first place, and as a key to many other remarkable facts, 
we must mention the discovery of Dr. Edward Weber, that the head of the thigh-bone 
cannot be separated by the mere weight of the limb from the surface of the articular 
cavity to which it is accurately adapted; but that, in all its motions, it is retained 
close to the articular surface by the pressure of the atmosphere. 

In ascending very high mountains, where the air is greatly rarefied, the muscular 
force must on that account become more necessary to maintain the articular heads of 
bones in their proper cavities, and the peculiar kind of fatigue which has been experi¬ 
enced by persons passing over high mountains is probably attributable to this cause. 

MM. E. and W. Weber have further pointed out the importance of the pendulum¬ 
like oscillations of the legs in walking. If the body be supported on one leg upon a 
raised pediment, the other leg, being set in motion, will vibrate backwards and for¬ 
wards like a pendulum. These vibrations may also be produced, if, while standing- 
with one leg upon a level surface, the other leg be bent to such a degree as not to 
strike the ground in its vibrations. The time of these vibrations, like that of the 
vibrations of a pendulum, depends on the length of the limb and on the mode of dis¬ 
tribution of its weight. 

The general mechanism of walking is as follows:—The body is supported by the 
two legs alternately, and the moment in which each forms the support is immediately 
succeeded by that in which the heel of the same limb is elevated and the body im¬ 
pelled forw’ard by it. At the time that the foot A gives this movement of impulsion, 
the body is supported by the leg B, which, however, during the movement of the body 
forwards in an oblique direction, and while the leg A makes the pendulum-like move¬ 
ment forwards for the new step, proceeds to elongate itself by raising the sole of the 
foot from the ground, in order to give the body a fresh impulse. The extremity A 
now becomes the support for the body. The MM. Weber compare the gradual raising 
of the soles of the feet from the ground to a wheel rolling along the surface. By this 
movement the step is lengthened by the whole length of the foot. In every step we 
may distinguish two periods; one in which the body is supported by one leg only, 
and a shorter period in which both legs rest on the ground. It is only in very quick 
walking, which nearly amounts to running, that the feet only touch the ground alter¬ 
nately, one ceasing to support the body when the other begins to receive its weight. 
In ordinary walking thefe is between the periods in which the body rests on one leg 
only, a state of transition, which lasts from the moment when the front foot is put to 
the ground, and that at which the hind foot is quite raised from it. According to the 

* Mechanik der menschlichen Gchewerkzeuge, mit. 17 taf. Gott. 1836-8. 
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MM. Weber, this period is in slow walking about half as long as that during which 
the body rests on one leg. The quicker the walk, the shorter is this period. 

The trunk is inclined forwards in walking. This position is necessary for walking 
easily; it is impossible to move forwards a rod balanced perpendicularly on the fingers, 
without its falling. To walk with the body perpendicular, it would be necessary to 
exert a constant muscular effort to restore the balance disturbed by the resistance of 
the atmosphere. In quick walking the trunk is more inclined forwards, while there 
is only a very short, if any period, at which both feet rest simultaneously upon the 
ground; and the steps are both longer and quicker. The condition on which all these 
circumstances in quick walking depend is, as MM. Weber show, the less height at 
which the two heads of the thigh-bones are moved above the surface of the ground. 
When the level at which the hip-joints are carried is low, the steps are longer, because 
the leg with which the step is to be made can be moved farther from the vertical posi¬ 
tion when its upper extremity is low than when it is high. The step, moreover, is 
quicker under these circumstances; for, the lower the level at which the head of the 
femur is carried in walking, the greater is the inclination of the leg which gives the 
impulse to the body, and hence the greater also is the force and velocity of the move¬ 
ment it imparts. With regard to the number of steps made in a given time, this 
depends partly on the length of the leg which swings from behind forwards, and partly 
on the time at which this motion of the limb is interrupted by the foot being put to the 
ground. The longer the leg, the slower are its oscillations,—that is, if the movement 
of the limb be not accelerated by muscular effort. Hence, abstraction being made of 
this power of voluntarily accelerating the movement, there is in every individual a 
certain maximum of the number of the steps taken in a given time, which cannot with 
ease be exceeded. This maximum rate of walking without great effort is attained 
when the limb moving from behind forwards is brought to the ground, after it has 
already passed through half the extent of its natural oscillation. But the succession 
of the steps can be rendered slower by allowing the leg to pass through more than 
half its arc of oscillation before putting it to the ground. 

It necessarily follows, from the nature of the movements of walking, that the body 
must, at each impulse forwards, rise somewhat and then sink again. These vertical 
undulations are, however, on account of the legs being capable of elongation and 
shortening, very slight, amounting, according to MM. Weber, to only 32 millimetres 
(about 1 inch 3t lines). The movement of the arms backwards and forwards always 
takes place in the opposite direction to that of the leg of the same side. The leg, by act¬ 
ing against the ground so as to propel the body forwards, gives an impulse to the whole 
trunk, which might be expected to cause the opposite leg and both arms to fall for¬ 
wards. But while the leg of the opposite side, and the arm on the same side with 
the limb which gives the impulse, move forward, the other arm is thrown backwards. 
This order of the movements of the limbs, which is maintained so habitually that it is 
practised without our consciousness, contributes not a little to the preservation of the 
good carriage and equillibrium of the body. On each side, namely, one limb is thrown 
forward at the same time; on one side an arm, and on the other a leg; and in this way 
the defects of movement in the trunk which might be produced by the swinging of the 
leg from behind forward are corrected. 

The circumstance characteristic of running is, that only one leg comes to the ground 
at a time, while in walking there is a period at which both feet rest on the ground. 
In quick running, indeed, the body is at one moment of each act supported by neither 
leg, but is moved through the air for a short space of time by the impulse communi¬ 
cated to it. 

Leaping, {Tledemann's Zeitschrift fur Physiol, t. iv. pt. i. p. 87.)—The peculiarity 
of the movement of leaping consists in the body being raised completely from the 
ground for a longer period than in the other movements of locomotion. When the 
spring or leap is carried to the utmost, it is effected by the sudden extension of three 
joints, the hip, knee, and ankle joints, previously flexed in opposite directions. The 
foot, before the leap, may be applied to the ground by the entire sole, or only by the 
toes; in the former case, the foot is gradually raised from the ground, from the heel 
towards the toes, during the movement; if the toes only touch the ground, and the 
ankle therefore be already in a state of extension, this joint is still more strongly ex¬ 
tended. The body is always inclined forwards towards the thighs. When, in a leap 
made with sufficient force to raise the body to a considerable height from the ground, 
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the three joints of the lower extremities are extended, if no resistance were opposed 
to it, the length of the body would merely be simultaneously increased at each extre¬ 
mity; but the resistance offered by the ground causes the impulse to be imparted to 
the centre of gravity of the body, which is thus propelled, in the manner of a projec¬ 
tile, in the mean direction of the joints which are thus extended. The direction which 
the body takes in leaping does not depend on the inclination of one portion of the ex¬ 
tremities only; for instance, it is not necessary for springing in the perpendicular di¬ 
rection that the leg should be nearly perpendicular to the floor, as Treviranus and 
others have asserted. Whatever inclination the leg may have with reference to the 
floor, the leap can nevertheless be made either forwards or backwards. The condi¬ 
tions which essentially facilitate the spring backwards are more evident when this 
movement is made in the most simple manner. Thus, the leap backwards may be 
made quite independently of any action of the ankle-joint, if, while standing on the 
edge of the heels of the shoes, the knee previously bent be forcibly extended without 
any perceptible movement of the hip-joint. In this case the body receives an impulse 
in the direction of a line drawn between the heel and the hip-joint; and, inasmuch as 
this line passes behind a perpendicular line falling from the centre of gravity to the 
heels before the movement was made, the motion given to the body is obliquely up¬ 
wards and backwards. 

The more minute details of the modifications which the extremities of vertebrate 
animals present in accordance with their destined use in flight, swimming, prehension, 
climbing, and burrowing, is the province of comparative anatomy. How different are 
the hand of the ray and that of the horse! in the former the fingers and their phalanges 
which compose the fin, are in extraordinary number, while the arm and forearm are 
wanting; in the fish-like mammalia, the cetacea, we again find an excessive number 
of phalanges, but a short arm and fore-arm are present; the solidungula, as the horse, 
present the other extreme,—the hand and foot are reduced to a single finger and toe.* 


SECTION III. 

OF VOICE AND SPEECH. 

CHAPTER I. 

I. Of the general conditions for the production of sound. 

The sounds of the voice and speech are not, it is true, the immediate 
result of muscular action, but of the vibrations of a peculiar apparatus 
which may be compared to a musical instrument: but as the tension of 
the instrument necessary for the production of sound, and the height 
and succession of the tones, are determined by the contraction of mus¬ 
cles, the physiology of the voice and speech will be properly considered 
in this place. Before, however, entering on the consideration of the 
human voice itself, we must become acquainted with the general con¬ 
ditions on which the production of sound depends. 

A sudden mechanical impulse upon the organ of hearing gives rise to the sensation 
of sound, which resembles a report if the impulse be violent, or is less intense if the 
impression be more feeble. The rapid escape of compressed air, or the rapid entrance 
of air into an imperfect vacuum, produces the sensation of sound, if the concussion of 
the air be communicated to the organ of hearing. But to produce sounds of uniform 
character which may be compared with each other, it is necessary that the impulse 

* On the adaptation of the hand to its uses in the different orders of animals, consult Sir C. 
Bell’s Bridgewater Treatise on the Hand. London and Philadelphia. 
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communicated to the ear should be of a particular kind, namely, a frequent repetition 
of the same impulse. The difference of sounds as to pitch or sharpness depends on 
the number of these impulses which occur during a certain time. The cause of the 
sensation of sound, in most cases, is the communication of the vibrations of sonorous 
bodies to the interior of the organ of hearing and the auditory nerve. The facts, that 
sonorous bodies have elasticity either from their attraction of Cohesion, as the solid 
sonorous bodies,—or from their tendency to expansion, as the gases,—or from tension, 
as the sonorous cords,—and that all these bodies vibrate while in the act of emittting 
sound, naturally lead to the supposition that the vibrations alone are the essential cause 
of the sound. It would, however, be very incorrect to imagine that the oscillating 
motion or vibration imparted to the auditory nerve is essential for the production of the 
sensation of sound. On the contrary, it appears that the immediate cause of the sen¬ 
sation of sound, even when this is excited by the vibrations of sonorous bodies, is really 
the regular succession of impulses which the auditory nerve receives. This is proved 
by the investigation of those sounds which are produced, not by the vibrations of an 
elastic body, but by a series of mere impulses quickly succeeding each other. If a 
piece of wood be held against the teeth of a rapidly revolving wheel, every stroke of 
the teeth of the wheel will be communicated as an impulse to the ear, and produce the 
sensation of sound. If, however, the wheel be now made to revolve more rapidly, so 
that the separate strokes on the wheel cannot be distinguished, in place of a succession 
of shocks, a continuous sound will be perceived; the pitch of which will be higher as 
the rapidity of the wheel’s motion is increased. Still greater interest, in reference to 
the theory of the essential cause of sound being a quick succession of impulses, at¬ 
taches to the tones which may be produced by a current of a gas, or liquid, such as 
water or quicksilver, interrupted at regular and very short intervals, particularly since 
liquids are not elastic, and therefore not capable of producing sound by vibration. 
Thus, in the siren, an instrument invented by M. Cagniard la Tour, a rapidly revolv¬ 
ing wheel interrupts momentarily, and at successive intervals of very short duration, 
the escape of a fluid from the opening in the body of the instrument. Even when the 
revolving wheel is under water, and interrupts at regular and frequent intervals the 
current of water supplied by pressure from below, the impulses produced by the pe¬ 
riodic escape of the fluid, if they follow each other in sufficiently rapid succession, 
give rise to a clear sound, of which the pitch is higher in proportion to the rapidity of 
the succession of the impulses, or moments of interruption of the current. 

II. Of the voice^ of the organ of voice, and other means for the pro¬ 
duction of sound in man and animals. 

The preceding and other analogous facts afford us data for correctly 
estimating the means which contribute to the production of voice 
and other sounds in man and animals. We have three principal 
classes of musical sounds to consider; 1, the voice of man and quadru¬ 
peds; 2, sounds formed in the mouth; 3, the voice of birds. These 
three classes of sound are produced by different instruments and in dif¬ 
ferent parts. The different sounds of the voice in man and mammalia 
are generated in the larynx, and are somewhat modified in quality by 
the parts in front of the larynx, through which the air passes. In 
whistling, we give rise to an entirely different series of sounds, which 
have their source in the lips and cavity of the mouth. The voice of 
birds again has another seat; it is produced not in the superior, but in 
the inferior larynx, which occupies the lower extremity of the trachea 
at its point of division into the bronchi. In the few other vertebrata 
below birds which have a voice, as the frogs and toads, the sound is 
generated in the proper larynx, as in man and mammalia. Besides the 
organs of voice which prevail extensively through entire classes of ani¬ 
mals, there are other special instruments of sound in some animals, even 
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among the lower classes; the examination of these, however, would 
lead us too far from our proper object.* ' 

1. Of the Human Voice. 

A. Of the human o^gan of voice. —If any question relating to the human voice have 
been determined with certainty, it is that regarding the part of the air-passages in 
which the voice is formed. Observations on living subjects, as well as experiments 
on the larynx taken from the dead body, prove that the sound of the voice is generated 
at the glottis, and neither above nor below this point. If an opening exists in the 
trachea in the human subject, or if an opening is made in this situation in an animal, 
the sound of the voice ceases, but returns on the opening being closed. This experi¬ 
ment has been often made, and its accuracy is beyond a doubt. An opening into the 
air-passages above the glottis, on the contrary, does not prevent the voice being 
formed. M. Magendie, moreover, has convinced himself that the voice is not lost, 
though the epiglottis, the superior ligaments of the larynx, and the upper part of the 
arytenoid cartilages be injured. He has also seen in living animals, whose glottis he 
had laid bare, that during the emission of sound the inferior ligaments of the larynx, 
which bound the fissure of the glottis, were thrown into vibration. We know also 
that injury of the laryngeal nerves supplying the small muscles, which alter the states 
of the aperture of the glottis and make tense the vocal cords, puts an end to the forma¬ 
tion of vocal sounds; and that, when these nerves are divided on both sides, the loss 
of voice is complete. Again, if we attempt to produce sounds by forcing a cur¬ 
rent of air from the trachea through the larynx in the dead human subject,—an 
experiment in which a person the most unpractised may succeed, provided the 
vocal cords be in some degree tense and the aperture of the glottis narrowed,—we 
shall find that the sounds are produced, whether the part of the trachea which serves 
to convey the current of air to the larynx be long or short; and even though it be en¬ 
tirely wanting, and the air be forced immediately through the glottis from the lower 
extremity of the larynx. Again, a larynx thus cut from the body may be freed from 
all the parts lying in front of the glottis: the epiglottis, the upper ligaments of the 
larynx, the ventricles of the larynx between the superior and inferior, or vocal liga¬ 
ments, the greater part of the arytenoid cartilages, namely, their upper part, may be 
all removed; and if the inferior ligaments or vocal cords only remain, and be approxi¬ 
mated so that the fissure of the glottis be narrow, clear tones will be produced by 
forcing air through it from the trachea. All these facts establish the correctness of 
the view which regards the glottis and the inferior laryngeal ligaments or vocal cords 
which form the immediate boundaries of the glottis as the essential source of the 
voice; the trachea as the “ wind-chest”f of the wind instrument; and the vocal tube 
in front of the glottis, comprehending the upper part of the cavity of the larynx, 
and the air-passages thence upwards to the openings of the mouth and nostrils, as 
the tube of a musical instrument by which the sound may be modified, but not 
generated. 

The parts forming the boundaries of the glottis, namely, the vocal cords, first claim 
our attention. They are elastic, and can be made tense by the depression of the thy- 

* The authors who have written concerning the human voice are: Dodart. Mem. 
de I’Acad. de Paris, 1703, 1706, 1707.—Ferrein, ibid. 1741.—Magendie, Precis ele¬ 
ment. de Physiol.—Physiology translated by Milligan.—Biot, Precis Element de 
Physique experiment, Paris, 1824, t. i. p. 457.—Fechner, in his translation of Biot’s 
Experimental-physik. ii. p. 149.—Savart, in Magendie’s Journ. de Physiol, v.—Lis- 
covius, Theorie der Stimme. Leipz. 1814.—Chladni, in Gilbert’s Ann. Ixxvi. p. 187. 
—Mayer, in Meckel’s Archiv. 1826.—Bennati, Recherches sur le Mechanisme de la 
Voix Humaine, Paris, 1832.—Muncke, in Gehler’s Physik. Worterbuch, viii. 373.— 
Mayo, Outlines of Human Physiology.—Sir C. Bell, Philos. Transact. 1832, pt. ii.— 
Malgaigne, Arch. Gen. de Med. 25.—Willis, Transact, of Philos. Soc. of Cambridge, 
1832.—Bishop, in Lond. and Edinb. Philos. Magaz. 1836.—Lehfeldt, Diss. de Vocis 
Formatione, Berol. 1835. On the voice of birds, see Cuvier, Anat. Comparee; and 
Savart. Froriep’s Not. 331, 332. The American reader is referred more especially to 
the valuable work of Dr. .lames Rush, entitled Physiology of the Human Voice— 
Philadelphia, 2d edition. 

t “ Wind-chests” are the reservoirs of air in the organ, whence the wind is distributed to 
the pipes, when the keys or pedals are pressed down. 
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Toid cartilage towards the cricoid cartilage, by means of the crico-thyroid muscles, as 
well as by the retraction of the arytenoid cartilages, which are moved backwards by 
the posterior crico-arytenoid muscles, at the same time that they are approximated to 
each other by the musculi arytenoidei. The eflect of these movements of the thyroid 
and arytenoid cartilages is, as we have said, to make tense the vocal cords, either by 
the depression of the thyroid cartilage, the arytenoid cartilages having been previously 
fixed by their muscles, or by the retraction of the latter, after a fixed point has been 
obtained by the movement of the former. The length of the fissure of the glottis 
depends on the degree to which the cords are thus stretched. The aperture of the 
glottis is narrowed by tbe approximation of the arytenoid cartilages, which is 
effected by the musculi arytenoidei; it is dilated by means of the musculi crico- 
arytenoidei postici, which draw the arytenoid cartilages asunder. The vocal cords, 
by virtue of their elasticity, are capable of being thrown into regular vibrations, after 
the manner of membranes extended longitudinally from two extremities. Their elas¬ 
ticity is due to the elastic tissue which composes them, and which is also found in 
many other parts of the body (see page 206). 

The vocal cords are not, however, the only parts of the larynx composed of elastic 
tissue. The ligamentum hyo-thyroideum and the ligainentum crico-thyroideum 
medium have been long known as yellow elastic ligaments. The last-named ligament 
must by its elasticity, and quite independently of any action of the crico-thyroid 
muscle, keep the corresponding borders of the cricoid and thyroid cartilages approxi¬ 
mated to each other; and will therefore offer some resistance to the movement of the 
arytenoid cartilages backwards in the act of producing tension of the vocal cords, a 
certain degree of which will be produced by the elasticity of this ligament alone when 
the arytenoid cartilages are fixed by their muscles. A much wider distribution still 
of the elastic tissue in the larynx has been pointed out by M. Lauth.* The principal 
portion of the elastic tissue arises, according to M. Lauth, from the lower half of the 
angle of the thyroid cartilage between the insertions of the thyro-arytenoidei muscles. 
Thence the fibres radiate downwards, obliquely backwards, and even somewhat up¬ 
wards, forming a continuous membrane, which is attached to the entire upper border 
of the cricoid cartilage, except at the situation of the arytenoid cartilages, where the 
fibres become connected with the anterior angle of the basis of those cartilages and 
with their anterior border. This radiating elastic membrane has three accessory fas¬ 
ciculi; one, which passes downwards, is the crico-thyroid ligament; the other two are 
the inferior thyro-arytenoid ligaments, or vocal cords. This elastic membrane forms 
also the superior ligaments of the glottis, which are connected with the inferior or true 
vocal^cords by an extremely thin expansion of elastic tissue covering the ventricle of 
the larynx. The hyo-thyroid ligament also is elastic; and the same tissue exists like¬ 
wise in the thyro-epiglottic, hyo-epiglottic, and glosso-epiglottic ligaments. If we 
add to these parts the elastic longitudinal fibres in the membranous part of the trachea 
and bronchi, we shall have an idea of the great extent of the tissues susceptible of 
consensual vibration and resonance in the parts surrounding the organ of voice. 

The next point to be considered is the variety of forms which the aperture of the 
glottis is capable of assuming, and which it really assumes at the time of emitting 
sound. According to M. Lauth’s researches, the glottis is able to take the following 
different forms. In the passive state, when emitting no sound, the aperture of the 
glottis is lance-shaped; it dilates somewhat, as is already known, during inspiration, 
and becomes narrowed again during expiration. The lateral boundaries of the aperture 
are, posteriorly, the inner surface and anterior process of the base of the arytenoid car¬ 
tilages; anteriorly, and in the greater extent, the vocal cords, which are connected 

f msteriorly to the above-mentioned anterior process of the basis of the arytenoid carri¬ 
ages. The whole length of the aperture of the glottis when open is eleven lines, of 
which the posterior part between the arytenoid cartilages and their anterior process 
measures four, the anterior part between the vocal cords seven lines. When dilated 
to its full extent (by the muse, crico-arytenoidei postici), the aperture of the glottis 
has the form of a lozenge, of which the posterior angle is truncated. The lateral 
angles correspond to the anterior processes of the base of the arytenoid cartilages, 
which may be separated from each other to the distance of 5| lines. In the contracted 
state, the rima glottidis may have either of three forms. The anterior processes of 

* M^m. de I’Acad. Roy.de Mdd. 1835.—Muller’s Arch. 1836.—Jahresbcricht, p. clvii. 
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the base of the arytenoid cartilages may be approximated to each other through the 
agency of the lateral crico-arytenoid muscles, and by coming into contact may divide 
the fissure of the glottis into two parts; or the rima, though narrowed, may remain 
open in its whole length; or, lastly, the posterior part of the rima may be quite closed 
by the approximation of the arytenoid cartilages themselves, together with their an¬ 
terior processes, to which the chordas vocales are attached. The movement of the 
arytenoid cartilages, which produces this last form, is effected by the united action of 
the proper arytenoid muscles and of the lateral crico-arytenoid. The rima glottidis is 
here confined to the space between the sharp borders formed by the elastic vocal cords; 
it comes to a point both anteriorly and posteriorly; its length and breadth vary here 
very much, according as the vocal cords are stretched or not. The relaxation and 
shortening of the vocal cords are effected by the thyro-arytenoid muscles, which also 
are able to diminish the transverse diameter of the space above and below the vocal 
cords. 

The form of the rima glottidis in the human subject during life, at the moment of 
the emission of sound, is not at present very accurately known; but that it becomes 
narrowed is certain. Th^ anterior portion of the aperture,—that bounded by elastic 
and sharp borders,—being alone susceptible of sonorous vibration from the action of 
the current of air, the posterior part of the opening, which cannot contribute to the 
original production of sound, can only by considerably increasing the area of the 
opening disturb the action of the air on the other part. M. Mayo {^Outlines of Physiol. 
1837, p. 371,) has made some observations on the movements of the glottis in the 
human subject during life. A man in an attempt to commit suicide divided the larynx 
immediately above the chordae vocales: in consequence of the oblique direction of the 
wound the vocal cord and arytenoid cartilage of one side were wounded. During un¬ 
disturbed respiration, the form of the aperture of the glottis was triangular. As soon 
as a sound was uttered, the chordae vocales became almost parallel, and the rima glot¬ 
tidis took a linear form. It would appear from the figure that the posterior part of the 
aperture was not closed. In another patient the incision passed into the pharynx 
above the thyroid cartilage, rendering the upper part of the arytenoid cartilages visible. 
During the emission of sound the arytenoid cartilages kept the same position as when 
the glottis was closed. Kempelen {Mechanismus d. Menschlich. Sprache. Wien. 1791, 
p. 81,) has stated, that the glottis, to produce sound, must be approximated to within 
^^th, or at most ^^th, of its diameter; and Rudolphi (Physiologie, ii. I. 370,) confirms 
this statement, from the observation of the parts in a man whose pharynx was by the 
absence of the nose laid so open to view that the opening and closing of the glottis 
could be readily seen. 

M. Magendie excludes from the glottis the space between the arytenoid cartilages, 
which he has found in experiments on animals to be closely applied to each other 
during the emission of sound. Malgaigne has made the same observation. This 
may possibly be generally the case; and sounds cannot be readily elicited from the 
human larynx removed from the body, when the posterior portion of the glottis is not 
closed. Nevertheless it is not, according to my experiments, absolutely necessary; 
I have, in some rare cases, been able to produce a sound artificially, when the chordse 
vocales were made somewhat tense and the aperture of the glottis narrowed, though 
open in its whole length. '' 

B. Of the modulation of the voice, and the causes on which it de¬ 
pends .—Experiments on living animals have hitherto afforded few 
results calculated to elucidate the physiology of the human voice, not¬ 
withstanding the labours of MM. Magendie and Malgaigne, which are 
in a certain measure valuable. M. Magendie laid bare the glottis in 
a dog by means of an incision between the thyroid cartilage and os 
hyoides; he then observed that the vocal cords, during the utterance of 
deep notes, vibrated in their entire length, but that the portion of the 
rima glottidis which lies between the arytenoid cartilages was closed. 
During the utterance of very high notes, the vibrations were perceptible 
only in the most posterior part of the vocal cords, and the air escaped 
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only through that part of the rima glottidis. It is difficult to understand 
how the closing of the anterior part of the glottis could be effected. 
Such a change in the glottis, causing the air to be transmitted only 
through the posterior part, cannot be imitated in the human larynx; 
while, on the contrary, it is not difficult to shorten the fissure of the 
glottis at its posterior part by approximating the anterior processes of 
the arytenoid cartilages to which the vocal cords are attached, the ten¬ 
sion of these cords still remaining the same. Careful experiments on 
the human larynx itself, after its removal from the body, offer the best 
prospect of useful results. 

Experiments on the separated larynx are, in first attempts, attended 
with extreme difficulty; all the parts are movable, and it is not at first 
apparent how the uniform tension and the uniform fixed position of 
the cartilages, so necessary for attaining any degree of accuracy in the 
experiments, can be given; and at the same time how the position 
once given can be made capable of alteration as the experiment may 
require. With a little contrivance, however, these objects can be ac¬ 
complished. The first thing to be done is to obtain a fixed point in the 
larynx. 

According to the result of experiments made in this way, the fol¬ 
lowing will be the mode of production of the notes of the natural voice: 
—The vocal ligaments vibrate in their entire breadth, and with them 
the surrounding membranes and the thyro-arytenoid muscles. For the 
deepest notes the vocal ligaments are much relaxed by the approxima¬ 
tion of the thyroid to the arytenoid cartilages. The lips of the glottis 
are, in this state of the larynx, not only quite devoid of tension; they 
are, when at rest, even wrinkled and plicated; but they become 
stretched by the current of air, and thus acquire the degree of tension 
necessary for vibration. From the deepest note thus produced the 
vocal sounds may be raised about an octave by allowing the vocal 
cords to have the slight degree of tension which the elastic crico-thyroid 
ligament can give them by drawing the thyroid cartilage towards the 
cricoid. The medium state, in which the cords are neither relaxed and 
wrinkled nor stretched, is the condition for the middle notes of the natu¬ 
ral register, those wliich are most easily produced. (The ordinary 
tones of the voice in speaking are intermediate between these and the 
deep bass notes.) The higher notes are produced, and the correspond¬ 
ing falsetto tones avoided, by the lateral compression of the vocal cords, 
and by the narrowing of the space beneath them (the aditus glottidis 
inferior) by means of the thyro-arytenoid muscles, and further by 
increasing the force of the current of air. The muscular tension given 
to the lips of the glottis by the muscles above-mentioned must also be 
taken into account as contributing to the production of the notes of the 
natural register. 

The falsetto notes are produced by the vibration of the inner portion 
or border of the vocal ligaments; their variation as to height or sharp¬ 
ness being effected by variation of the tension of the ligaments.* 

♦ To the above account of the conditions of the glottis and vocal cords necessary 
for the production of the different sounds of the voice, we may here append some 
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The observations which have been made prove clearly that neither 
the epiglottis, the superior ligaments of the glottis, the ventricles of the 
larynx, nor, in fact, any of the parts in front of the vocal cords, are 
necessary for the production either of the notes of the natural voice or 
of the falsetto notes. 

The notes which are easily elicited from i\ie female larynx are generally higher than 
those from the male larynx, though by complete relaxation and approximation of the 
vocal cords the female larynx can be made to yield deep tones. The principal cause 
of this is, that the vocal cords are in general much shorter in the female larynx; 
although the smaller size of the cavity of the larynx, and the less thickness of its 
walls, affording less means of resonance necessary for the low notes, have also a great 
influence. On the same principles we must explain different kinds of male voices, 

observations on the same subject by several English physiologists. A very interest¬ 
ing paper by Mr. Willis, in the Transactions of the Cambridge Philosophical Society, 
1832, (read May 1829,) contains some original views as to the position of the lips 
of the glottis during the production of voice. He attributes the different notes of the 
human voice to different degrees of tension of the vocal ligaments, since laminae of 
leather, and, still better, caoutchouc, will, he shows, yield a variety of notes accord¬ 
ing to the degree of tension given them. But it is not tension alone, he argues, which 
enables the lips of the glottis to produce sounds. For as the size of the space between 
the thyroid and cricoid cartilages, felt externally, indicates the tension of the vocal 
ligaments,—being small when they are tense and high notes produced, and large 
when the ligaments are relaxed for the production of bass notes,—and as the medium 
size of this space, proper for the production of intermediate notes, does not differ from 
that which it has in the state of rest, when no voice is uttered, he infers that in that 
state the ligaments possess the tension required for the average pitch of speech, but 
have not the necessary parallel position. That the production of voice does not 
depend on diminishing the size of the aperture of the glottis he thinks certain, 
“ because we can make the aperture of the passage pass through all degrees of con¬ 
traction up to absolute closing during the expiration of the breath, without producing 
any sound, except the usual rushing noise of a forcible current of air passing through 
a narrow aperture.” Mr. Willis attributes to the thyro-arytenoid muscles the office 
of placing the arytenoid cartilages and the lips of the glottis in the vocalising 
position. 

Mr. Mayo has observed, in cases of wound of the pharynx, (as is stated in the text 
at page 691,) that the edges of the glottis are in contact during the utterance of vocal 
sounds; and this state of the glottis, together with a certain degree of tension, he be¬ 
lieves to be the condition for vocalisation. The vocalising position pointed out by 
Mr. Willis, he conceives to be the necessary result of the vocal ligaments being on 
the stretch.— Mayo's Physiology, Ed. 4th, p. 370. 

Mr. Bishop stales, as the results of experiments on the larynx after death, “that, in 
order to produce any sounds whatever, it was requisite to close the chink of the glottis 
by bringing the edges of the vocal ligaments into immediate contact, when, by strain¬ 
ing them tolerably tight, the sounds became loud and distinct.” He also remarked, 
“ that when the gravest tones were uttered, the ligaments vibrated throughout their 
whole length; and that, as the tones became more acute, a proportionally smaller 
extent of the ligaments was thrown into vibration.” This observation accords with 
those of M. Magendie in experiments on living dogs (see page 691). “During the 
production of the most acute tones,” Mr. Bishop says, “the tension of the vocal liga¬ 
ments was but slightly increased, and the greatest possible tension was insufficient to 
produce acute tones, whilst these ligaments vibrated throughout their whole length.” 
The latter observation is opposed to the results of Professor Muller’s experiments. 
Mr. Bishop ascribes to the thyro-arytenoid muscle the power, not only of rotating the 
lips of the glottis into the vocalising disposition described by Mr. Willis, but also of 
forcing them into contact with each other during its contraction; and to the thyro¬ 
arytenoid and crico-thyroid muscles the power of so affecting the vocal cords “ that a 
portion of them only is rendered susceptible of vibration.”—London and Edin. Philos, 
Mag. 1836.— 'translator. 
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the bass and tenor; and of female voices, the alto and soprano. The male voice is, it 
is true, capable of being raised to high notes by great tension of the cords, but the 
tones thus produced are of the falsetto character; notes of the same height can be pro¬ 
duced with ease by the shorter vocal cords of the female larynx with less tension. 
Moreover, there must be a limit to the tension of the male chordae vocales, on account 
of muscles being able to shorten themselves by contraction only to a certain extent; 
the maximum of shortening of which they are susceptible is, according to M. 
Schwann, only about one-third of their length. The means of rendering tense the 
vocal ligaments are somewhat greater than this calculation would indicate, since the 
vocal cords can be acted on by muscles both before and behind; and the cartilages to 
which the cords are attached are capable of a lever-like movement. Still there must 
be a limit to the raising of the pitch of the voice attained in this way. A still higher 
but feeble note may be accidentally produced, while the vocal cords are tense, by their 
coming into contact w'ith each other at some point, causing a division of them into 
their aliquot parts. 

I have endeavoured to ascertain by measurement the relative length of the vocal 
cords in the male and female larynx. The following table shows the results which I 
have obtained in several experiments: 


Length of the vocal cords 
at the greatest degree > 
of tension, j 

Length of the vocal cords ') 
in the state of repose, y 


Men past puberty. 


21 

21 

25 

26 

23 

23 

16 

15 

16 

18 

16 

— 

21 

19 

— 

12 

12 

14 


Women past 
puberty. 


Boy of 
14 years. 


14*5 

10-5 


Mean length of the vocal cords in the state of 
repose, 

Mean length of the vocal cords in the state of 
greatest tension, - - - - - 


Male larynx. 

Female larynx. 

m 

12f 

23i 

15f 


The cyphers indicate the number of millimetres.* The relative length of the vocal 
cords in tlie male and in the female larynx would appear from these measurements to 
be as three to two, both in the extended and the unextended state. The degree to 
which the cords can be extended beyond their ordinary length is, in the male larynx, 
somewhat less than five millira.; in the female, three millim. The vocal cords alone, 
and not the whole length of the aperture of the glottis, extending posteriorly between 
the arytenoid cartilages, were measured. A small part of the vocal ligament extends 
farther back than the extreme point of the anterior process of the arytenoid cartilage, 
being attached to the upper border of this process towards the anterior edge of the car¬ 
tilage; this portion of the ligament was included in the measurements.! 

If the air be drawn in through the glottis instead of forced out, the tension of the 
vocal cords remaining the same, no vocal sound is generally produced, but sometimes 
a deeper rustling sound was heard. Touching the outer part of the ligaments of the 
glottis, so as to stop the vibrations at that part, raises the pitch of the sounds. 


Influence of the vocal tube .—The length of the tube prefixed to the 


♦ A millimetre is 0'03937, or about ^ of an English inch. 

t Admeasurements of the vocal cords of the larynx in the tense and lax condition, in bass, 
tenor, contr’alto, and soprano singers, and also in eunnchs, after death, would be of great 
interest in a physiological point of view; but the same parts should be measured in other 
individuals at the same time, that the grounds of the comparison may be the same, for if the 
vocal cords be measured from their anterior extremity only, as far as the point of the anterior 
process of the arytenoid cartilage, the length indicated will be less than when they are mea¬ 
sured in the manner above described. 
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vibrating tongues, which has so marked an influence in modifying the 
height of the notes produced by tongues of caoutchouc or even of arte¬ 
rial tissue, appears from my experiments to have, contrary to M. Ma- 
gendie^s opinion, founded on the analogy of the organ of voice with the 
reed-pipes of M. Greni6, no perceptible effect on the pitch of the notes 
yielded by the human larynx. In many cases the variation of the 
length of the prefixed tube seemed to have no influence at all on the 
note produced; in other instances the elongation of the tube lowered 
the note a semitone, very rarely an entire tone, when the force of the 
blast was perfectly uniform. I am inclined, therefore, to deny any 
power of modifying the height of the notes to the slight variation of 
length which the trachea can undergo. 

The partly membranous nature of the trachea has no perceptible in¬ 
fluence on the sounds produced by the vocal cords; the note produced 
by blowing through the trachea was the same as when a wooden tube 
of the same diameter was used. In this respect reed-instruments with 
membranous tongues differ remarkably from flute-pipes with merely a 
vibrating column of air. In the latter instruments the reciprocal vibra¬ 
tions of the membranous walls of the tube influence so much the pri¬ 
mary vibrations of the column of air, that, according to the observation 
of M. Savart, [Froriep^s Not. 332, p. 21,) who discovered this circum¬ 
stance, a pipe of moist thin paper walls will lower the note an entire 
octave below that which a tube of solid parietes of the same length 
would yield. 

The circumstance of the vocal tube in front of the vocal cords being 
double, consisting of the oral and nasal canals, seems to have no other 
effect on the height of the notes than a simple tube; but it causes their 
character to be altered by the resonance. I attached to the short ante¬ 
rior tube of an artificial larynx with caoutchouc tongues a bifurcated 
tube; the result was no raising of the notes, but they were rendered 
more sonorous. 

The epiglottisj by being pressed down so as to cover the superior 
cavity of the larynx, serves to render the notes deeper in tone, and at 
the same time somewhat duller, just as covering the end of a short 
tube placed in front of caoutchouc tongues lowers the tone. In utter¬ 
ing very deep notes during life, we evidently employ the epiglottis 
in this way; at least, such seems to be the object of the retraction 
and depression of the tongue, while we press down the head in front, 
in endeavouring to produce very deep notes. In no other respect does 
the epiglottis appear to have any effect in modifying the vocal sounds. 
The epiglottis can be felt, by the finger passed in at the side of the 
mouth, to maintain the same position during the utterance of musical 
notes, whether they be of the falsetto character or those of the natural 
voice. 

The arches of the palate and the uvula become contracted during 
the formation of the higher notes, as was first observed by Fabricius ab 
Aquapendente, and more recently by Mayer, Bennati, and Dzondi. 
But the contraction of the isthmus of the fauces is the same for a note 
of given height, whether it be falsetto or not; and in either case the 
arches of the palate may be touched with the finger, without the note 
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being altered. This completely refutes the opinion of Bennati, that the 
falsetto tone is wholly or in part due to the action of the palatine arches. 

The approximation of the palatine arches, and retraction of the uvula, 
in the production of the higher notes, seems to be merely the result of 
involuntary associate nervous action, caused by the voluntarily increased 
exertion of the muscles of the larynx. If the palatine arches contribute 
at all to the production of the higher notes of the natural voice and the 
falsetto register, it can only be by their increased tension strengthening 
the resonance. 

According to the theory of reed-instruments, narrowing of the upper 
part of the larynx immediately in front of the vibrating tongues or 
vocal cords ought to raise the notes in some degree: but this cannot be 
proved experimentally; for, in a larynx removed from the body, the 
upper part of the cavity cannot be compressed without, in some measure, 
acting on the vocal cords. Simple narrowing has no perceptible influ¬ 
ence. The office of the ventricles of the larynx is evidently, as M. 
Malgaigne, Sir C. Bell, and others have remarked, merely to afford a 
free space for the vibrations of the lips of the glottis. M. Malgaigne 
compares them to the cavity at the commencement of the mouth-piece 
of trumpets, which allows the free vibration of the lips. 

C. Theories of the voice, —The general conclusion which we must draw from the 
results of the experiments on the artificial larynx with membranous longues, as well 
as from those afforded by the experiments on the natural larynx removed from the 
body, which, in all essential points, agree with the former, is that the human organ 
of voice is a reed-instrument with a double membranous tongue. This opinion has been 
previously held by several cultivators of natural philosophy, as MM. Biot, Cagniard 
la Tour, and Muncke; by writers on the theory of music, as Gottfr. Weber; and by 
some physiologists, as MM. Magendie, Malgaigne, and others. 

The experiments of Ferrein on the sounds to be obtained from the larynx in the 
dead body, by which he showed that the note varied according to the length and ten¬ 
sion of the vocal cords, have, as early as the year 1741, {Mem. de VAcad. d. Sc.) afford¬ 
ed a sound basis for this theory. 

According to M. Savart, the air in the ventricles of the larynx between the superior 
or false, and inferior or true ligaments, is really the source of the sound; the organ of 
voice being compared by this philosopher to the bird-call or hunter’s whistle. The 
theory of M. Savart is rendered quite untenable by the fact of the superior ligaments 
of the glottis being entirely absent in some mammalia, namely, in the ruminantia. 

The vocal cords were likened by Ferrein to vibrating strings, and to a certain extent 
correctly; but the comparison is in other points inaccurate. Ferrein’s experiments, 
by which he demonstrated the resemblance of the vocal cords to vibrating strings, are 
among the best that have ever been instituted. He showed that the vocal cords sound, 
according to analogous laws with those of strings which are thrown into sonorous 
vibrations by currents of air, and that the notes produced are in no respect altered by 
difference in width of the aperture of the glottis. From half the length of the vocal 
cords he obtained the octave of the fundamental note; from two-thirds, the fifth. 
Lastly, he found that a change in the length of the vocal cords to the extent of from 
two to three lines was sufficient to produce all the notes of various pitch (the change 
in tension here supplying what is effected by change in the length of the cords when 
the tension remains the same). 

In one respect, however, the vocal cords differ from strings; and this point of dis¬ 
tinction is important enough to give to them, with other membranous tongues a special 
place among musical instruments. When strings are more strongly struck, deeper 
notes are produced; the note given out by a membranous tongue is, on the contrary, 
raised by a stronger blast the extent of one, two, or more semitones; and if the tongues 
be of moist nature, as are the vocal cords and bands of arterial tissue, even many 
semitones. 
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There are several physiologists, among them Dodart and Liscovias, who ascribe 
the modulation of the voice to the varying size of the fissure between the lips of the 
glottis, and to the vibration of the air produced at that part. 

The influence of increasing the force of the blast in raising the pitch of the notes 
was correctly observed by Liscovius and Lehfeldt. A point of especial importance ifi 
reference to the theory of the production of the notes of the natural register and the 
falsetto notes,—namely, that for the former the entire vocal cord vibrates, and for the 
latter only its border, as well as the fact that the falsetto note is, caeteria paribvu^ 
higher,—was first discovered by Lehfeldt.* 

D. Of Singing .—There are three different kinds of sequence of the notes which 
the organ of voice is capable of producing. The first is the monotonous, in which 
the notes succeeding each other have all nearly the same pitch, as in ordinary speaking; 
the variety of the sounds of speech being owing to articulation in the mouth; in 
speaking, however, occasional syllables generally receive a higher intonation for the 
sake of accent. In poetry there is rhythm in addition to the accent, but the modulation 
of music is wanting. The second mode of sequence is the successive transition from 
high to low notes, and vice versa, without intervals; such as is heard in the sounds, 
which, as expressions of passion, accompany crying in men, and also in the howling 
and whining of dogs. This succession of dissonant sounds, in which the musical 
intervals are not observed, often occurs in nature, as in the howling of the wind; and 
may be produced on instruments,—for instance, by diminishing or increasing the 
tension of a string while it is being sounded, or by blowing with gradually increased 
force into a short pipe closed at one extremity. A membranous tongue is capable of 
the same succession of notes, and the same is the case with the vocal cords. The 
dissonant succession of rising and falling notes in howling must be produced partly 
by increase and diminution of the force of the current of breath, and partly by gradual 
alteration of the degree of tension of the vocal cords. The third mode of sequence 
of the vocal sounds is the musical, in which each sound has the requisite number of 
vibrations, and the number of vibrations in the successive sounds have that relative 
proportion which characterises the notes of the musical scale. Music has a rhythm 
m common with poetry. 

1. Compass of the voice .—The compass of the voice in different in- 
dividiKils comprehends one, two, or three octaves; in singers,—that is, 
in persons capable of singing,—it extends to two or three octaves. But 
the male and female voices commence and end at different points of the 
scale. 

2. Varieties of voice in different individuals .—The principal differ¬ 
ence between the male and the female voice is in their pitch; but they 
are also distinguished by their tone,—the male voice is not so soft. 
But the voice presents other varieties besides the male and female; 
there are two kinds of male voice, the bass and tenor, and two kinds 
of female voice, the contr’alto and soprano, all differing from each other 
in tone. T^he bass voice usually reaches lower than the tenor, and its 
strength lies in the low notes; while the tenor voice extends higher than 
the bass. The essential difference between the bass and tenor voices, 
and between the contr’alto and soprano, consists in their tone or 
«timbre,” [quality] which distinguishes them even when they are 
singing the same note. 

The different pitch of the male and the female voice depends on the 
different length of the vocal cords in the two sexes; their relative 


* Of previous writers, Ferroin, Liscovius, and Lehfeldt, have contributed most to the 
elucidation of the theory ol' the voice. A very good account of the opinion of tlie older 
writers, with oriirinal reflections, is contained in Lehfeldt’s dissertation, “ De vocis fijrtna* 
tinne." Berol. 1833. A complete review of later theories and observations will be found ia 
Heusinger’s edition of Mugendie’s Physiology. 
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length in men and women being as three to two. The difference of the 
two voices in tone or “timbre’Ms owing to the different nature and 
form of the resounding walls, which in the male larynx are much more 
extensive, and form a much more acute angle anteriorly. 

The larynx of boys resembles the female larynx; their vocal cords 
before puberty have not two-thirds the length which they acquire at 
that period. The angle of the thyroid cartilage is as little prominent 
as in the female larynx. Boys’ voices are alto and soprano; but, after 
the larynx has undergone the change produced during the period of 
development at puberty (between the fourteenth and the fifteenth year,) 
they become immediately bass or tenor. While the change of form is 
taking place, the voice is imperfect, frequently hoarse and crowing, and 
is unfitted for singing until the new tones are brought under command 
by practice. In eunuchs, who have been deprived of the testes before 
puberty, the voice does not undergo the ordinary change. 

3. Varieties of voice in one and the same individual .— The natural 
and falsetto voices .—Most persons, particularly men, besides that their 
voice belongs more or less to one of the varieties already described, 
have the power, if at all capable of singing, of modulating through a 
double series of notes of difierent character. These are the notes of 
the natural voice, or chest-notes (note di pettd), and the falsetto notes 
{note di testa). The natural voice is fuller, and excites a distinct sen¬ 
sation of much stronger vibration and resonance, than the falsetto 
voice, which has more a humming character. 

4. Differences of the voice as to tone or quality .—Each individual has 
a peculiar tone of voice dependent on the form of the air-passages and of 
their lining membranes, and on their resonance: hence, many persons, by 
altering the form of their vocal organs, can imitate the various tones of 
voice of other individuals. The nasal “ timbre^^ is a peculiar quality 
of voice dependent on a similar cause. The nasal tone may be given 
to the voice in two ways. 1. When the external openings of the nares 
are closed the voice may retain its natural sound, or it may become 
nasal: in the former case the arches of the fauces remain open; in the 
latter they approach each other, and the larynx ascends much higher 
than when the voice has its natural character. Obstruction of the nos¬ 
trils by mucus has the same effect as closing the anterior openings of 
the nares; but neither the one nor the other can alone give the nasal 
tone to the voice. When the nasal tone is produced in this first way, 
the cavity of the nostrils becomes a separate resounding chamber. 2. 
The nasal twang may also be .given when the nostrils are open, the 
mouth being either open or closed. In this case likewise the larynx 
ascends considerably; the arches of the fauces contract; the dorsum of 
the tongue is approximated to the palate, or brought into contact with 
it; and the air merely passes between the narrowed arches of the fauces, 
and receives the resonance of the nasal cavities without that of the 
cavity of the mouth. 

The voice of old people is deficient in tone, is unsteady, and more 
restricted in extent: the first defect is owing to the ossification of the 
cartilages of the larynx and altered condition of the vocal cords: the 
want of steadiness arises from the loss of nervous command over the 
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muscles; the result of which is here, as in other parts, a tremulous mo¬ 
tion. These two causes combined render the voice of old people void 
of tone, unsteady, bleating, and weak. 

5. Strength of the voice .—This depends partly on the degree of 
capability of vibration of the vocal cords; and partly on the fitness of 
the membranes and cartilages of the larynx, of the parietes of the thorax, 
lungs, and cavities of the mouth, nostrils, and communicating sinuses, 
for resonance. The capability of vibration of the vocal cords is dimi¬ 
nished or destroyed by inflammation and suppuration of the mucous 
membrane of the larynx, by profuse secretion of mucus, by oedema 
glottidis, &c. 

6. Increase and diminution of the intensity of the vocal sound .— 
The intensity or loudness of a given note emitted by the larynx cannot 
be rendered greater by merely increasing the force of the current of air 
through the glottis; for increase of the force of the current of air, cseteris 
paribus, raises the pitch both of the natural and the falsetto notes. 

Since the human organ of voice possesses the power of increasing the 
intensity of a note from the faintest “piano” to “fortissimo” without 
its pitch being altered, there must be some other means of compensating 
the tendency of the vocal cords to emit a higher note when the force of 
the current of air is increased. This means evidently consists in modi¬ 
fying the tension of the vocal cords. When a note is rendered more 
intense, the vocal cords must be relaxed by remission of the muscular 
action in proportion as the force of the current of the breath through the 
glottis is increased. When a note is rendered fainter, the reverse of this 
must occur. 

7. Perfectness of the notes .—The dissonance of the voice after long 
singing may easily be accounted for in part by the slight changes which 
the vocal cords have undergone in consequence of repeated tension; and 
in a greater degree by the fatigue of the muscles, which at length cease 
to obey the will perfectly, and execute inappropriate movements. An 
habitual dissonance of the voice, or inability to sing in tune, depends 
partly on defect of the sense of hearing, and partly on the difficulty of 
observing the uniform “ temperament” of our musical scales. Tem¬ 
perament is usually already obtained in musical instruments by tuning; 
the singer must attend to it at each note. 

We must conclude our observations on the human voice with some 
remarks on the artificial construction of a vocal organ. No musical 
instrument can be in all respects compared to the organ of voice; for 
even the organs and pianos, of which the compass is so great, are defec¬ 
tive in other respects. Some musical instruments, as the simple flute- 
pipes, are not susceptible of an increase of the intensity of the notes from 
piano to forte; in others the notes cannot be prolonged, namely, in all 
those instruments in which the sounds are produced by striking strings. 
The organ has two registers of notes,—those of the flute-pipes and th|, 
reed-pipes; and in this respect it resembles the human voice, which has 
the natural register and the falsetto: but no instrument combines like 
the human organ of voice all these advantages. Although the organ of 
voice belongs to the class of reed-instruments; and though these reeds, 
when combined with a system of compensating pipes, are (with the 
violin) the most perfect of all instruments; yet still the vocal organ is 
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more perfect in being capable of giving with one tube all the notes and 
all the possible variations of the scale, while in the most complete instru¬ 
ment qonstructed of reed-pipes each note requires a special pipe. The 
artificial construction of a vocal organ would, in some measure, be 
attained, if with a reed-pipe an apparatus, of not too difiicult manage¬ 
ment, for regulating the tension of elastic tongues in the reed, could be 
combined; but the tones of such an instrument, in which dry elastic 
bands only could be permanently used, would not resemble the soft full 
tones given out by the moist, animal, elastic tissue, and there would 
always be great difficulty in managing such an instrument. 

2. Of musical sounds formed in the mouth. 

We do not speak here of all the noises which may be produced in 
the mouth, but only of those which have a musical quality or tone. 
Both at the anterior and at the posterior part of the oral cavity musical 
sounds may be produced on the principle of the sounds of reed-instru¬ 
ments; such are the snoring and other sounds given out by the arches 
of the fauces in vibrating, and the sounds produced by pressing air 
between the lips which are thrown into distinct vibrations; the notes 
thus produced being higher in pitch, the greater the tension of the lips. 

Another kindof musical sound produced in the mouth is “whistlingy”* 
in which the air is the source of the sound. It is easy to convince one’s- 
self that the sound in whistling is not owing to vibration of the lips; for 
they may be touched, covered, or even a disk of cork with a central 
hole held between them, as Cagniard la Tour showed, and yet the same 
sounds will be produced. 


CHAPTER II. 

OF SPEECH.t 

Besides the musical tones formed in the larynx, a great number of 
Other sounds can be produced in the vocal tube between the glottis and 
the external apertures of the air-passages, the combination of which 
into different groups to designate objects, properties, actions, &c. consti¬ 
tutes language. The languages do not employ all the sounds which 
can be produced in this manner, the combination of some with others 
being often difficult. Those sounds which are easy of combination 

* See Muncke in Gehler’s Physikal. Worterb. viii. p. 383; and Cagniard la Tour 
in Magendie’s Journal de Physiol, t. x. 

f The authors who may be consulted on the subject of speech are: J. Wallis, De 
loquela s. sonorum formatione, in C. Amman, Surdus loquens. Lugd. Bat. 1727.— 
Kratzenstein, Tentamen resolvendi problema ab Acad. Sc. Petrop. 1780; propos. 
J*etrop. 4.—Kempelen, Mechanismus der Menschlichen Sprache nebst der Beschrei- 
bung seiner sprechenden Maschine. Wien, 1791, 8.—Reitter, Methodenbuch zum 
Unterricht fiir Taubstumme. Wein, 1828.—Rudolphi, Physiologie.—Chladni, in 
Gilbert’s Ann. 1824, st. 2.—C. Mayer, in Meckel’s Archiv. fiir Anat. u. Physiol. 
1826.—R. Willis, in Poggendorf s Annal. xxiv. and Transact, of Philos. Soc. of Cam¬ 
bridge, vol. iii.—Heusinger, in his edition of Magendie’s Physiology.—Purkinje, 
Badania w przedmiocie fizyologii mowy LudzkieJ. Krakow, 1836, 8. (Forsehungen 
nber die Physiologie der Menschlichen Sprache. Krakaw, 1836.) 
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enter for the most part into the formation of the greater number of 
languages. Each language contains a certain number of such sounds, 
but in no one are all brought together. On the contrary, different lan¬ 
guages are characterised by the prevalence in them of certain classes 
of these sounds, while others are less frequent or altogether absent. It 
comes within the province of physiology to investigate the natural 
classification of the sounds of language. The attempts to form a 
natural system of the articulate sounds, instituted by grammarians, 
have been quite inadequate to the object, the principle of classification 
having been derived from properties which are not essential. The clas¬ 
sification of the sounds of articulate speech, according to the organs by 
which they are formed,—for example, into the labial, dental, guttural, and 
lingual,—is faulty when carried farther than the distinction of the oral 
and nasal sounds; for sounds which are, according to physiological 
principles, in part quite different from each other, are thus classed 
together, and, moreover, for the formation of most sounds several parts 
of the mouth co-operate. The distinction of the mutes and liquids is 
in part founded on correct principles; but the application of these prin¬ 
ciples has been imperfect. Even the properties of the vowels, as 
contra-distinguished from the consonants, have not been properly esti¬ 
mated. Their essential character is usually considered to be that they 
are Independent sounds, originally formed in the larynx, though modi¬ 
fied in the mouth; while consonants are not formed in the larynx, and 
cannot be sounded perfectly unless conjoined with a vowel. The dif¬ 
ference between vowels and consonants is, however, much less con¬ 
siderable than this; for all vowels, as well as the consonants, can be 
produced without a vocal tone, as in whispering; and, moreover, one 
whole class of consonants can, as we shall presently see, be uttered 
with a vocal sound as well as without this sound. The essential dif¬ 
ference between vowels and consonants is of a very different nature. 
A main error in many of the attempts at classification of the articulate 
sounds has been the failing to pay sufficient attention to the circum¬ 
stance of it being possible to form them without vocal tone, as in 
whispering; while to recognise the essential properties of the articulate 
sounds we must first examine them as they are produced in whispering, 
and then investigate which of them can also be uttered in a modified 
character conjoined with vocal tone. By this procedure we find two 
series of sounds: in one the sounds are mute, and cannot be uttered 
with a vocal tone; the sounds of the other series can be formed inde¬ 
pendently of voice, but are also capable of being uttered in conjunction 
with it. Another important character of some of the articulate sounds 
is that they are only of momentary duration, taking place during a 
sudden change in the conformation of the mouth, and are not capable 
of prolongation by a continued effusion of the breath strepitus incon- 
tinuus explosivus^’y, while others can be prolonged, ad libitum^ as 
long as a particular disposition of the mouth and a constant expiration 
are maintained {^^strepitus co7iiinuus’^).* All sounds of the first 

* Kerapelen, in his experiments on the artificial production of articulate sounds, 
observed, that the vowel sounds were distinct only when contrasted with each other; 
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kind are insusceptible of combination with vocal tone (“intonation/’) 
and are absolutely mute; nearly all the consonants of the second kind 
may be attended with “intonation.” Peculiar modifications of the 
sounds are thus produced, but the absolutely mute consonants, with 
**strepitus explosivus’^ may by aspiration be completely changed to 
other sounds. 

A. Mute sounds of the whisper. 

I. Mute vowels .—All the vowels with their nasal modifications can 
be expressed in a whisper without vocal tone. These mute vowel 
sounds differ, however, in some measure as to their mode of production 
from the consonants. All the mute consonants are formed in the vocal 
tube above the glottis, or in the cavity of the mouth or nose, by the 
mere rushing of the air between surfaces differently modified in dispo¬ 
sition. But the sound of the vowels, even when mute, has its source 
in the glottis, though the vocal cords are not thrown into the vibrations 
necessary for the production of voice; and it seems to be produced by 
the passage of the current of air between the relaxed vocal cords. 
That the whispered vowels are formed at the glottis, and not in the 
mouth, any one may satisfy himself by experiments in his own person. 
The same sound can be produced in the larynx when the mouth is 
closed, the nostrils being open, and the utterance of all vocal tone 
avoided. This sound, when the mouth is open, is so modified by 
varied form of the oral cavity as to assume the character of the vowels 

Gy 

The oral canal or cavity of the mouth assumes the same form for the 
articulation of each of the mute vowels as for the corresponding vowel 
when vocalised; the only difference in the two cases lies in the kind of 
sound emitted by the larynx. 

II. Mute consonants with ^^strepitus sequaliss. continuus.^’ Con¬ 
tinuous sounds .—All consonants of this class can be pronounced with 
an uninterrupted sound, which continues as long as the expiration can 
be prolonged; the disposition of the parts within the mouth remaining 
throughout as at the commencement of the formation of the sound. 
The consonants of this kind are h, m, w, ng,f ch [as in the Scotch word 
“loch,” or like theg-A in the word “light,” as pronounced by the Scotch] 
sch [equivalent to the English jA,] s, r, and 1. 

III. Mute consonants with *^strepitus explosivus?"* Explosive 
sounds .—These are the Greek /3, y, S, and their modifications, x* v. 
They are the explosive sounds of Amman. 

The organs of speech engaged in the formation of these sounds un¬ 
dergo a sudden change of position during their production; the sound 
commences with the closing of the mouth, and terminates with the 
opening of it. Hence these consonants.cannot be prolonged ad libitum. 
The sound ceases as soon as the mouth is opened. 

1. Simple explosive sounds, 6, d, g (the hard g or gamma). 

2. Aspirate explosive sounds, jo, /, k. 

and even in the natural voice, as Mr. Willis observes, “if any given vowel be pro¬ 
longed by singing, it soon becomes impossible to distinguish what vowel it is.” This 
is more remarkably the case with many of the continuous consonants than with the 
vowels.”—TVatw/o/or. 
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These are merely modifications of b, d, gy produced by a stronger 
aspiration during the opening of the previously closed passage of the 
mouth. (This explanation was given in my “ Grundriss der Physio- 
logie,” in 1827.) 

B. The sounds of vocalised speech. 

In the vocalised speech some few consonants have still merely the 
character of whispered sounds, being incapable of combination with any 
vocal tone. Other consonants are in vocalised speech susceptible of 
two modes of pronunciation, the mute and the vocalised. The vowels 
have the vocal tone. 

I. Vowels .—The disposition of the organs of speech is the same for 
the vocalised as for the mute pronunciation of the vowels; the vocal tone 
produced in the larynx by the vibrations of the vocal cords is modified 
in the throat, mouth, and oral opening into the different vowels. The 
proper diphthongs are combinations of two vowels. The English i in 
its long sound is the equivalent of the German diphthong eiy and seems 
to be really a combination of two sounds. The sound of i cannot, like 
a true vowel, be prolonged ad libitum; but appears rather to result 
from the transition from a peculiar murmur to the sound of e, just as the 
diphthong oy or oi results from the transition from broad a to e. 

A peculiar murmuring sound accompanies several consonants, which 
does not resemble any of the vowels. This kind of intonation can be 
produced either with the mouth open or with it closed, the nasal passage 
being in the latter case open. 

II. Comonants whichy in vocalised speechy are not accompanied with a 
vocal sound. 

1. The explosive by d, g (y), and their modifications p, ty k. It is 
quite impossible to combine the sounds of these consonants with an in¬ 
tonation of the voice. If it be attempted to pronounce them aloud, the 
intonation only follows them, and the result is the combination of the 
mute consonant with a vowel. 

2. The only continuous consonant which cannot be pronounced in 
combination with a vocal sound is the aspirate h. The aspiration of the 
h ceases immediately that the vocal cords are thrown into sonorous 
vibrations. 

III. Consonants which, in vocalised language, can be pronounced either as 
mute sounds or with vocal intonation .—These are all of the class of con¬ 
tinuous consonants; namely, yj the German ch,sch [the English sh, and 
French che'], s, r, 1, m, n, ng. 

The different sounds and tones of language being dependent on cer¬ 
tain physical conditions, are of course capable of imitation by artificial 
contrivances. Some are produced very easily in this manner, as b, 
which is heard when the sound of the voice is made, to pass into a 
cylindrical tube, before which the hand is held and then withdrawn; 
the German lu [v] may be formed in the same way if the tube be a 
pipe with membranous tongue. Experiments relative to the artificial 
production of the articulate sounds have been made by Kratzenstein, 
Kempelen, and Mr. R. Willis. They have succeeded in imitating a 
great part of the sounds used in speech. But these speaking-machines 
are always to a certain extent imperfect, since every simple and inde¬ 
pendent sound and consonant requires a special apparatus; and the 


704 


DEFECTIVE SPEECH. 


combination of the different apparatus with a common tube for the 
supply of air, so as to form words, is exceedingly difficult. We cannot 
be surprised also at some birds, as the parrot and raven, being capable 
of uttering articulate sounds, since their mouth has the same general 
conformation with parts which can act as valves. The mode of articu¬ 
lating sounds is, without doubt, learnt by these birds in the same way 
as by the human infant. The different sounds are first produced with¬ 
out any order or proposed end; but, while thus produced, the move¬ 
ments necessary for the formation of each become impressed on the 
sensorium, and are therefore readily associated again when the sound 
which they are calculated to give rise to is heard. 

C. Ventriloquism .—The peculiarity of the particular mode of speakinor which is so 
called, has been supposed by some physiologists, as M. Magendie, to consist merely 
in the varied modification of the sounds produced in the larynx, in imitation of the 
modifications which voice ordinarily suffers from distance, &c.; by others it is ima¬ 
gined to depend on some common cause, which modifies all the tones uttered, for 
example, on the articulation taking place during inspiration. This last is the view 
generally taken of the cause of ventriloquism. It is certainly possible to articulate 
during inspiration, though with difficulty; and the sounds thus produced have some 
similarity with the tones of the voice of the ventriloquist. But, nevertheless, I regard 
the opinion in question as erroneous; for the sounds uttered by the ventriloquist can be 
perfectly imitated much more easily by another method, which I am convinced must 
be adopted by the ventriloquists themselves. The method to which I allude consists 
in inspiring deeply, so as to protrude the abdominal viscera by the descent of the 
diaphragm, and then speaking while the expiration is performed very slowly through 
a very narrow glottis by means of the lateral parietes of the thorax alone, the dia¬ 
phragm maintaining its depressed position. The timbre which the voice has in 
speaking during an expiration thus performed is that peculiar to ventriloquism. 
Sounds may be thus uttered which resemble the voice of a person calling from a 
distance. 

A great part of the art of the ventriloquist, for example, in imitating the voices, 
coming from particular directions, consists merely in deceiving other senses than 
hearing. We never distinguish very readily the direction in which sounds reach our 
ear; and, when our attention is directed to a particular point, our imagination is very 
apt to refer to that point whatever sounds we may hear. 

D. Defective speech .—The proper exercise of the faculty of speech presupposes the 
possession of a normally-formed oral cavity as well as a good sense of hearing. Im¬ 
perfections of speech arise from a want of either of these requisites. An opening in 
the palate renders the formation of some sounds impossible, and gives to the voice a 
nasal timbre; want of teeth also renders the speech imperfect.* 

By want of command, or loss of power of the tongue, speech is rendered indistinct 
and unintelligible. This is observed as a temporary consequence of intoxication, and 
as a permanent result of paralysis of the ninth nerve. 

The speech may, however, be imperfect also from the sounds not following each 
other as they ought to do, though the individual sounds be pronounced perfectly; such 
is stammering. It consists in a momentary inability to pronounce a consonant or 
vowel, or to connect it with the preceding sounds. This impediment may occur either 
at the commencement or in the middle of a word. In the latter case, the commence¬ 
ment of the word is often several times repeated; the part of the word thus repeated 
may end with a vowel, and the difficulty then consists in connecting with this the 
following consonant; or it may be merely the commencing consonant which is repeated, 
and with which the succeeding vowel cannot be combined. The repetition of the 
commencement of the word, as Schulthess rightly remarks, is not the essential con¬ 
dition of stammering; it is merely a new attempt at overcoming the impediment. If 
the consonant preceding the impediment be one of the explosive class, (/», d, g, and 
p, t, k,) w'hich do not admit of a continuous pronunciation until the formation of the 
vowel is attained, it is more prone to be frequently repeated; thus, a person who stam¬ 
mers, says for “bitter,” b-b-b-bitter. But if it be a continuous consonant, as m, n, 

* On defects in the formation of particular letters, see Kempelen and Schulthess, loc. cit. 
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ng^fi X German and Scotch eh,"] gk, r, I, or 8, it is not necessarily repeated, be¬ 
cause the sound of a continuous consonant can be prolonged ad libitum, until the vowel 
follows it; for example, in the word “ laughing.” It does, however, sometimes 
happen that the continuous consonant is repeated in such a case, and the word is pro¬ 
nounced 1-1-1-1-laughing. Sometimes letters which do not belong to the word are in¬ 
voluntarily introduced. 

Schulthess maintains that the stammering does not arise from any difficulty in the 
pronunciation of the consonants, but that the impediment attends the utterance of the 
vowels. This view is founded on good observations; but, though an improvement on 
the previous erroneous opinions, it goes further than facts justify, for the vowel is 
often formed while the following consonant cannot be combined with it. 1 knew a 
young man of distinguished mathematical attainments, who had previously stammered 
very badly, and in pronouncing his own name, was apt to say Te-tessot instead^of 
Tessot. In many cases also the impediment attaches to the first consonant of a word; 
and here likewise the difficulty does not so much depend on the parts of the mouth 
which are engaged in articulation, as on the arrest of the passage of the air necessary 
for the pronunciation of a particular consonant, by the momentary closure of the glottis. 
This closure of the glottis, the importance of which has been particularly pointed out 
by Dr. Arnott,* occurs only in the attempt to articulate particular sounds, by involun¬ 
tary association, the supply of air for the articulation of other sounds not being im¬ 
peded; the syllable preceding the arrest of speech can, for example, be frequently 
repeated. The essential cause of the impediment is always situated in the glottis, 
whether it be that the vocal cords do not give the requisite sound when it is a vowel 
which is attempted to be formed, or that the passage of the air is arrested during the 
attempt at articulation in the mouth. In persons who stammer very badly, there are 
evident signs of the struggle at the glottis, afforded by the impediment to expiration 
and by the congestion of blood in the head and veins of the neck. The essential cause 
of stammering is, therefore, clearly an unnatural associate movement in the larynx by 
consent with the movements of the mouth, or articulate movements. "When the strug¬ 
gles of stammering are violent, associate movements are observed also in the face. It 
is the same condition as that of a person who wishes to move one particular muscle 
of bis face, but on account of association of nervous action, or defect of the power of 
insulating the nervous influence, cannot do it without distorting all his features.f 

I agree entirely with Dr. Arnott and Schulthess in considering the immediate cause 
of stammering to be a spasmodic affection of the glottis. This affection consists in 
a momentary closure of the aperture, partly by the approximation of the arytenoid 
cartilages and partly by the pressure of the musculi thyro-arytenoidei, which are 
capable of pressing the ligaments of the glottis into contact with each other. It must 
be remembered as a principle that this momentary spasm depends entirely on a mor¬ 
bid association of the muscles of the larynx with the movements of the organs of 
articulation. The position of the mouth for the pronunciation of b is assumed, and 
the lips can be separated in the manner proper for the utterance of the sound; but 
when this is done, or ought to be done, the breath is wanting,—it is arrested at the 
larynx. The natural indication, therefore, for the prevention of stammering is to 
attempt to bring more under the command of the will the associations between the 
movements of articulation and the movements of the larynx. One method of fulfilling 
this indication is the singing of the words, in which the attention is directed more to 
the action of the larynx than in ordinary speaking. Persons who stammer pronounce 
better in singing than in mere speaking. 

A too low position of the tongue in the mouth appears to favour stammering. The 
method of treatment practised by Mad. Leigh consisted in preventing this position of 
the tongue, and in raising its point towards the palate. The practice of placing bodies 
under the tongue, which was known to the ancients, tended to the same object. 

The method proposed by Dr. Arnott for the cure of stammering, whatever niay be 
the result of its practice, is, at all events, founded on a sound physiological view of 
the nature of the affection. “ Had the edges of the glottis,” says Dr. Arnott, “ been 
visible, like the external lips of the mouth, the nature of stuttering would not so long 
have remained a mystery.” The glottis is repeatedly closed in persons who stam- 

♦ Elements of Physics, vol. i. 

t See the remarks on associate nervous action and associate movements, at pages 533 and 
670. 
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mer, and the cure of the affection must therefore be effected by conquering this morbid 
tendency to closure by voluntarily keeping it open as much as possible. For this pur¬ 
pose Dr. Arnott advises that the patient should connect all his words by an intonation 
of the voice continued between the different words, as is done by persons who speak 
with hesitation. This plan may afford some benefit, but cannot do everything; since 
tbe main impediment occurs in the middle of words themselves, and depends on the 
abnormal association of the movement of the larynx with certain movements of arti¬ 
culation. Were I called upon to advise a method of treatment in a case of stammer¬ 
ing, 1 would recommend, in addition to Dr. Arnott’s plan, the following procedure: 
I would let the patient practise himself in reading sentences in which all letters which 
cannot be pronounced with a vocal sound, namely the explosive consonants b, d, g,p, 
t, ^nd k, were omitted, and only those consonants included which are susceptible of 
an accompanying intonation of the voice; and I would direct that all these letters 
should be pronounced with such a sound of the voice, and that their sound should be 
very much prolonged. By this means a mode of pronunciation would be attained in 
which the articulation would be constantly combined with vocalisation, and the glottis 
consequently never closed. When the stammerer had long practised himself in keep¬ 
ing the glottis open without intermission, even between the words by Dr. Arnott’s 
method, and in maintaining the glottis open during and after the pronunciation of 
every consonant capable of vocalisation and of the vowels, he might proceed to the 
mute and continuous consonant A, and the explosive sounds g, d, b, k, t, p. In such 
a plan of treatment, the patient himself would perceive the principle; while the 
ordinary method—that of Mad. Leigh—is mere groping in the dark, neither teacher 
nor pupil knowing the principle of the procedures. (See Schulthess, \oc. cit. p. 166.) 

There is a kind of defect of speech essentially different from stammering, con¬ 
sisting in a protracted intonation of the voice between words, or the introduction of a 
more or less prolonged a or au,—nasal vowel sounds, or peculiar vocal sounds mo¬ 
dified by a jingling character between the words, which themselves are correctly 
pronounced; for example, I . . . a . . . have. It is like the prolonged vibration of 
a musical instrument beyond the required duration. These sounds form and facilitate 
the transition from one word to another, and they may frequently be produced as a 
means of transition; although they, in many instances, also arise from hesitation or 
want of readiness of the ideas. This mode of speaking sometimes attends stammer¬ 
ing, probably because the impediment to the commencement of the next word is 
avoided by this transition of sounds. 

The formation of perfect vocal tones presupposes the possession of 
the sense of hearing. It is only with the greatest labour that indivi¬ 
duals born deaf can learn to utter a series of harsh sounds. The deaf 
and dumb owe their want of speech to their deafness; they can by 
great labour learn the movements of articulation by means of their 
sight; but their speech is never more than a series of harsh sounds, not 
adapted for human society, for they want the sense of hearing to regu¬ 
late their articulation. 

There is no nearer medium of connection between the faculties of 
speech and hearing than the brain, and it is not evident how nervous 
communications could be of service to either organ. The connection of 
the facial nerve with the lingual branch of the fifth can have no influence 
on speech or hearing; for the facial nerve has nothing to do with hear¬ 
ing; the lingual branch of the fifth nothing to do with speech. The 
nerve on which the movements of speech principally depend is the ninth 
nerve, which supplies all the muscles of the tongue; the facial also has 
some share in articulation, at all evpnts as regards the movements of the 
lips. Both the last-named nerves are engaged in physiognomical ex¬ 
pression, since the automatic movements of the features as well as 
speech disclose in difierent ways what is passing in the mind. Both 
nerves appear to arise from the same nervous centre,—the olivary body. 
(See Eetzius, Muller’s Archiv. 1836.) 




BOOK VI. 


OP THE SENSES. 
preliminary considerations. 

The senses, by virtue of the peculiar properties of their several 
nerves, make us acquainted with the states of our own body, and they 
also inform us of the qualities and changes of external nature, as far as 
these give rise to changes in the condition of the nerves. Sensation is 
a property common to all the senses; but the kind, {“modus”) of sensa¬ 
tion is different in each: thus we have the sensations of light, of sound, 
of taste, of smell, and of feeling or touch. By feeling, or touch, we 
understand the peculiar kind of sensation of which the ordinary sensitive 
nerves generally—as, the nervus trigeminus, vagus, glosso-pharyngeus, 
and the spinal nerves,—are susceptible; the sensations of itching; of 
pleasure and pain, of heat and cold, and those excited by the act of 
touch in its more limited sense, are varieties of this mode of sensation. 
That which through the medium of our senses is actually perceived by 
the sensorium, is indeed merely a property or change of condition of 
our nerves; but the imagination and reason are ready to interpret the 
modifications in the state of the nerves produced by external influences 
as properties of the external bodies themselves. This mode of regarding 
sensations has become so habitual in the case of the senses which are 
more rarely affected by internal causes, that it is only on reflection that 
we perceive it to be erroneous. In the case of the sense of feeling or 
touch, on the contrary, where the peculiar sensations of the nerves per¬ 
ceived by the sensorium are excited as frequently by internal as by 
external causes, it is easily conceived that the feeling of pain or pleasure, 
for example, is a condition of the nerves, and not a property of the things 
which excite it. This leads us to the consideration of some general laws, 
a knowledge of which is necessary before entering on the physiology of 
the separate senses. 

I. In the first place, it must be kept in mind that external agencies 
can give rise to no kind of sensation lohich cannot also be produced 
by internal causes, exciting changes in the condition of our nerves. 

In the case of the sense of touch, this is at once evident. The sen¬ 
sations of the nerves of touch (or common sensibility) are those of cold 
and heat, pain and pleasure, and innumerable modifications of these, 
which are neither painful nor pleasurable, but yet have the same kind 
of sensation as their element, though not in an extreme degree. All these 
sensations are constantly being produced by internal causes in all parts 
of our body endowed with sensitive nerves; they may also be excited 
by causes acting from without, but external agencies are not capable of 


708 


OF THE SENSES GENERALLY. 


adding any new element to their nature. The sensations of the nerves 
of touch are therefore states or qualities proper to themselves, and 
merely rendered manifest by exciting causes external or internal. The 
sensation of smell also may be perceived independently of the appli¬ 
cation of any odorous substance from without, the nerve of smell being 
thrown by an internal cause into the condition requisite for the produc¬ 
tion of the sensation. This perception of the sensation of odours without 
an external exciting cause, though not of frequent occurrence, has been 
many times observed in persons of an irritable nervous system; and the 
sense of taste is probably subject to the same affection, although it would 
always be difficult to determine whether the taste might not be owing to 
a change in the qualities of the saliva or mucus of the month; the sen¬ 
sation of nausea, however, which belongs to the sensations of taste, is 
certainly very often perceived as the result of a merely internal affection 
of the nerves. The sensations of the sense of vision, namely colour, 
light, and darkness, are also perceived independently of all external 
exciting cause. In the state of the most perfect freedom from excite¬ 
ment, the optic nerve has no other sensation than that of darkness. 
The excited condition of the nerve is manifested, even while the eyes 
are closed, by the appearance of light, or luminous flashes, which are 
mere sensations of the nerve, and not owing to the presence of any 
matter of light, and consequently are not capable of illuminating any 
surrounding objects. Every one is aware how common it is to see 
bright colours while the eyes are closed, particularly in the morning 
when the irritability of the nerves is still considerable. These phe¬ 
nomena are very frequent in children after waking from sleep. Through 
the sense of vision, therefore, we receive from external nature no im¬ 
pressions which we may not also experience from internal excitement 
of our nerves; and it is evident that a person blind from infancy in 
consequence of opacity of the transparent media of the eye, must have 
a perfect internal conception of light and colours, provided the retina 
and optic nerve be free from lesion. The prevalent notions with regard 
to the wonderful sensations supposed to be experienced by persons blind 
from birth when their sight is restored by operation, are exaggerated 
and incorrect. The elements of the sensation of vision, namely the 
sensations of light, colour, and darkness, must have been previously as 
well known to such persons as to those of whom the sight has always 
been perfect. If, moreover, we imagine a man to be from his birth 
surrounded merely by external objects destitute of all variety of colours, 
so that he could never receive the impressions of colours from without, 
it is evident that the sense of vision might nevertheless have been no 
less perfect in him than in other men; for light and colours are innate 
endowments of his nature, and require merely a stimulus to render 
them manifest. 

The sensations of hearing also are excited as well by internal as by 
external causes; for, whenever the auditory nerve is in a state of excite¬ 
ment, the sensations peculiar to it, as the sounds of ringing, humming, 
&c. are perceived. It is by such sensations that the diseases of the 
auditory uerve manifest themselves; and, even in less grave transient 
affections of the nervous system, the sensations of humming and ringing 
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in the ears afford evidence that the sense of hearing participates in the 
disturbance. 

No further proof is wanting to show, that external influences give 
rise in our senses to no other sensations, than those which may be ex¬ 
cited in the corresponding nerves by internal causes. 

II. 77ie same internal cause excites in th\. different senses different sensa¬ 
tions;—in each sense the sensations peculiar to it. 

One uniform internal cause acting on all the nerves of the senses in 
the same manner, is the accumulation of blood in the capillary vessels 
of the nerve, as in congestion and inflammation. This uniform cause 
excites in the retina, while the eyes are closed, the sensation of light 
and luminous flashes; in the auditory nerve, humming and ringing 
sounds; and in the nerves of feeling, the sensation of pain. In the same 
way, also, a narcotic substance introduced into the blood excites in the 
nerves of each sense peculiar symptoms; in the optic nerves the appear¬ 
ance of luminous sparks before the eyes; in the auditory nerves, “tin¬ 
nitus aurium;” and in the common sensitive nerves the sensation of ants 
creeping over the surface. 

III. The same external cause also gives rise to different sensations in each 
sense, according to the special endowments of its nerve. 

Tile mechanical influence of a blow, concussion, or pressure excites, 
for example, in the eye the sensation of light and colours. It is well 
kown that by exerting pressure upon the eye, when the eyelids are 
closed, we can give rise to the appearance of a luminous circle; by more 
gentle pressure the appearance of colours may be produced, and one 
colour may be made to change to another. Children, waking from sleep 
before daylight, frequently amuse themselves with these phenomena. 
The light thus produced has no existence external to the optic nerve, 
it is merely a sensation excited in it. However strongly we press upon 
the eye in the dark, so as to give rise to the appearance of luminous 
flashes, these flashes, being merely sensations, are incapable of illumi¬ 
nating external objects. Of this any one may easily convince himself 
by experiment. I have in repeated trials never been able, by means of 
these luminous flashes in the eye, to recognise in the dark the nearest 
objects, or to see them better than before; nor could another person, 
while 1 produced by pressure on my eye the appearance of brilliant 
flashes, perceive in it the slightest trace of real light. (See page 95.) 

The supposed emission of light by the eyes of animals has been 
already discussed in the Prolegomena, page 95. It is not, a prioriy 
contrary to known laws, to suppose that the nerves of animals may de- 
velope luminous matter; and since we have in the retina of the eye an 
opportunity which we have nowhere else, of observing a nerve through 
transparent media without inflicting any injury on the animal, it would 
be here that such a phenomenon would be best observed. The fact of 
light being developed by the retina and nerves, even were it proved by 
experiment, would not, however, influence the explanation of the ap¬ 
pearance of light produced in the eye by internal causes. 

A mechanical influence excites also peculiar sensations of the auditory 
nerve; at all events, it has become a common saying, “ to give a person 
what will make his ears ring,’’ or “ what will make his eyes flash 
60 
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fire,” or « what will make him feel;” so that the same cause, a blow, 
produces in the nerves of hearing, sight, and feeling, the diHerent sensa¬ 
tions proper to these senses. It has not become a part of common lan¬ 
guage that a blow shall be given which will excite the sense of smell, 
or of taste; nor would such sayings be correct;* yet mechanical irrita¬ 
tion of the soft palate, of the epiglottis and root of the tongue, excites 
the sensation of nausea. The action of sonorous bodies on the organ 
of hearing is entirely mechanical. A sudden mechanical impulse of 
the air upon the organ of hearing produces.the sensation of a report of 
different degrees of intensity according to the violence of the impulse, 
just as an impulse upon the organ of vision gives rise to the sensation 
of light. If the action of the mechanical cause on the organ of hearing 
be of continued duration, the sound is also continued; and when caused 
by a rapid succession of uniform impulses, or vibrations, it has a musical 
character. If we admit that the matter of light acts on bodies by 
mechanical oscillation, (the undulation theory,) we shall have another 
example of a mechanical influence, producing different effects on differ¬ 
ent senses. These undulations, which produce in the eye the sensation 
of light, have no such effect on other senses; but in the nerves of feeling 
they produce the sensation of warmth.t 

The stimulus of electricity may serve as a second example, of a uni¬ 
form cause giving rise in diflerent nerves of sense to different sensations. 
A single pair of plates of different metals applied so as to include the 
eye within the circle, excites the sensation of a bright flash of light 
when the person experimented upon is in a dark room; and, even though 
the eye do not lie within the circle, if it be not distant from it,—as, for 
example, when one of the plates is applied to one of the eyelids, and the 
other to the interior of the mouth,—the same effect will be produced, 
owing to a part of the current of electricity being diverted to the eye. 
A more intense electric stimulus gives rise to more intense sensations 
of light. In the organ of hearing, electricity excites the sensation of 
sound. Volta states that, while his ears were included between the 
poles of a battery of forty pairs of plates, he heard a hissing and pulsa¬ 
tory sound, which continued as long as the circle was closed. {Philos. 
Transact. 1600, p. 427.) Ritter perceived a sound like that of the fiddle 
G at the moment of the closure of the galvanic circle. 

The electricity of friction, developed by the electrical machine, ex¬ 
cites in the olfactory nerves the odour of phosphorus. The application 
of plates of different metals to the tongue, gives rise to an acid or a 
saline taste, according to the length of the plates which are applied 

* The influence of mechanical agrency in exciting the nerve of taste to its peculiar 
reaction may be made quite perceptible; but the stimulus must be applied in a parti¬ 
cular manner. If the end of the finger be made to strike quickly, but lightly, the sur¬ 
face of the tongue at its tip, or its edge near the tip, so as to affect not the substance 
of the organ, but merely the papillae, a taste sometimes acid, sometimes saline, like 
the taste produced by electricity, will be distinctly perceived. The sensation of taste 
thus induced will sometimes continue several seconds after the application of the 
mechanical stimulus.— Translator. 

f According to the generally received doctrines of physics, the heating power of 
light is due to calorific rays distinct from those which produce the sensations of light 
and colours in the eye. 
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one above, and the other beneath the tongue. The facts detailed 
with regard to the other senses are sufficient to show that these latter 
phenomena cannot be attributed to decomposition of the salts of the 
saliva. 

The effects of the action of electricity on the nerves of common sen¬ 
sation or feeling, are neither the sensation of light, of sound, of smell, 
nor of taste, but those proper to the nerves of feeling, namely, the sen¬ 
sations of pricking, of a blow, &c. 

Chemical influences also probably produce different effects on different 
•nerves of sense. We have, of course, but few facts illustrating their 
action on these nerves; but we know that in the sensitive nerves of the 
skin they excite the different kinds of common sensation,—as the sen¬ 
sations of burning, pain, and heat; in the organ of taste, sensations of 
taste; and, when volatile, in the nerves of smell, the sensations of 
odours. Without the infliction of great injury on the textures, it is im¬ 
possible to apply chemical agents to the nerves of the higher senses, sight 
and hearing, except through the medium of the blood. Chemical sub¬ 
stances introduced into the blood act on every nerve of sense, and excite 
in each a manifestation of its properties. Hence the internal sensations 
of light and sound, which are well known to result from the action of 
narcotics. 

IV. The peculiar sensations of each nerve of sense can be excited by 
several distinct causes internal and external. 

The facts on which this statement is founded, have been already 
mentioned; for we have seen that the sensation of light in the ^eye is 
excited; 

1. By the undulations or emanations which from their action on the 
eye are called light, although they have many other actions than this; 
for instance, they effect chemical changes, and are the means of main¬ 
taining the organic processes in plants. 

3. By mechanical influences; as concussion, or a blow. 

3. By electricity. 

4. By chemical agents, such as narcotics, digitalis, &c. which, being 
absorbed into the blood, give rise to the appearance of luminous sparks, 
&c. before the eyes independently of any external cause. 

5. By the stimulus of the blood in the state of congestion. 

The sensation of sound may be excited in the auditory nerve: 

1. By mechanical influences, namely, by the vibrations of sonorous 
bodies imparted to the organ of hearing through the intervention of 
media capable of propagating them. 

2. By electricity. 

3. By chemical influences taken into the circulation; such as the nar¬ 
cotics, or alterantia nervina. 

4. By the stimulus of the blood. 

The sensation of odours may be excited in the olfactory nerves: 

1. By chemical influences of a volatile nature,—odorous substances. 

2. By electricity. 

The sensation of taste may be produced: 

1. By chemical influences acting on the gustatory nerves either from 
without or through the medium of the blood; for, according to Magendie, 
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dogs taste milk injected into their blood-vessels, and begin to lap with 
their tongue. 

2. By electricity. 

3. By mechanical influences; for we must refer to taste the sensation 
of nausea produced by mechanically irritating the velum palati, epiglot¬ 
tis, and root of the tongue. 

The sensations of the nerves of touch or feeling are excited: 

1. By mechanical influences; as sonorous vibrations, and contact of 
any kind. 

2. By chemical influences. 

3. By heat. 

4. By electricity. 

5. By the stimulus of the blood. 

V. Sensation consists in the sensorium receiving through the medium of 
the nerves, and as the result of the action of an external cause, a knowledge 
of certain qualities or conditions, not of external bodies, but of the nerves of 
sense themselves; and these qualities of the nerves of sense are in all different, 
the nerve of each sense having its own 'peculiar quality or energfj.' 

The special susceptibility of the different nerves of sense for certain influences,—as 
of the optic nerve for light, of the auditory nerve for vibrations, and so on,—was for¬ 
merly attributed to these nerves having each a specific irritability. But this hypothesis 
is evidently insufficient to explain all the facts. The nerves of the senses have assu¬ 
redly a specific irritability for certain influences; for many stimuli, which exert a 
violent action upon one organ of sense, have little or no effect upon another: for exam¬ 
ple, light, or vibrations so infinitely rapid as those of light, act only on the nerves of 
vision and common sensation; slower vibrations, on the nerves of hearing and common 
sensation, but not upon those of vision; odorous substances only upon the olfactory 
nerves. The external stimuli must therefore be adapted to the organ of sense—must 
be “homogeneous:” thus light is the stimulus adapted to the nerve of vision; while 
vibrations of less rapidity, which act upon the auditory nerve, are not adapted to the 
optic nerve, or are indifferent to it; for, if the eye be touched with a tuning-fork while 
vibrating, a sensation of tremors is excited in the conjunctiva, but no sensation of light. 
We have seen, however, that one and the same stimulus, as electricity, will produce 
different sensations in the different nerves of the senses; all the nerves are susceptible 
of its action, but the sensations in all are different. The same is the case with other 
stimuli, as chemical and mechanical influences. The hypothesis of a specific irrita¬ 
bility of the nerves of the senses for certain stimuli, is therefore insufficient; and we 
iire compelled to ascribe, with Aristotle, peculiar energies to each nerve,—energies 
■which are vital qualities of the nerve. Just as contractility is the vital property of mus¬ 
cle. The truth of this has been rendered more and more evident in recent times by 
the investigation of the so-called “subjective” phenomena of the senses by Elliot, 
Darwin, Ritter, Goethe, Purkinje, and Hjort. Those phenomena of the senses, namely, 
are now styled “ subjective,” which are produced, not by the usual stimulus adapted 
to the particular nerve of sense, but by others which do not usually act upon it. These 
important phenomena were long spoken of as “ illusions of the senses,” and have been 
regarded in an erroneous point of view; while they are really true actions of the senses, 
and must be studied as fundamental phenomena in investigations into their nature. 

The sensation of sound, therefore, is the peculiar “energy” or “quality” of the 
auditory nerve; the sensation of light and colours that of the optic nerve; and so of the 
other nerves of sense. An exact analysis of what takes place in the production of a 
sensation would of itself have led to this conclusion. The sensations of heat and cold, 
for example, make us acquainted with the existence of the imponderable matter of 
caloric, or of peculiar vibrations in the vicinity of our nerves of feeling. But the na¬ 
ture of this caloric cannot he elucidated by sensation, which is in reality merely a 
particular state of our nerves; it must be learnt by the study of the physical properties 
of this agent, namely, of the laws of its radiation, its development from the latent 
state, its property of combining with and producing expansion of other bodies, &c. 
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All this again, however, does not explain the peculiarity of the sensation of warmth 
as a condition.of the nerves. The simple fact devoid of all theory is this, that warmth, 
as a sensation, is produced whenever the matter of caloric acts upon the nerves of feel¬ 
ing; and that cold, as a sensation, results from this matter of caloric being abstracted 
from a nerve of feeling. 

So, also, the sensation of sound is produced when a certain number of impulses or 
vibrations are imparted, within a certain time, to the auditory nerve: but sound, as we 
perceive it, is a very different thing from a succession of vibrations. The vibrations 
of a tuning-fork, which to the ear give the impression of sound, produce In a nerve of 
feeling or touch the sensation of tickling; something besides the vibrations must con¬ 
sequently be necessary for the production of the sensation of sound, and that some¬ 
thing is possessed by the auditory nerve alone. Vision is to be regarded in the same 
manner. 

The essential nature of these conditions of the nerves, by virtue of which they see 
light and hear sound,—the essential nature of sound as a property of the auditory 
nerve, and of light as a property of the optic nerve, of taste, of smell, and of feeling,— 
remains, like the ultimate causes of natural phenomena generally, a problem incapable 
of solution. 

The accuracy of our discrimination by means of the senses depends on the different 
manner in which the conditions of our nerves are affected by different bodies; but the 
preceding considerations show us the impossibility that our senses can ever reveal to 
us the true nature and essence of the material world. In our intercourse with external 
nature it is always our own sensations that we become acquainted with, and from them 
we form conceptions of the properties of external objects, which may be relatively 
correct; but we can never submit the nature of the objects themselves to that immediate 
perception to which the states of the different parts of our own body are subjected in 
the sensorium. 

VI. The nerve of each sense seems to he capable of one determinate kind 
of sensation only, and not of those proper to the other organs of sense; hence 
one nerve of sense cannot take the place and perform the function of the nerve 
of another sense. 

The sensation of each organ of sense may be increased in intensity 
till it becomes pleasurable, or till it becomes disagreeable, without the 
specific nature of the sensation being altered, or converted into that of 
another organ of sense. 

With respect to the sense of smell, it is evident that Magendie was 
deceived in ascribing the power of distinguishing odours to the nasal 
branches of the fifth nerve, after the destruction of the olfactory nerves; 
since the stimuli which he applied—for instance, acetic acid, liquor 
ammonias, oil of lavender, and oil of dippel,—are themselves strong ex¬ 
citants of the common sensibility of the mucous membrane. {Eschricht, 
Magendie^s Journal de Physiol, t. vi. p. 339.) In all accurately ob¬ 
served cases of absence of the olfactory nerves, the true sense of smell 
has been wanting. [Eschricht, loc. cit.) 

No one can deny the possibility of the optic nerves influencing the 
nerves of the other senses, to the extent in which one nerve can act on 
another, through the medium of the brain. What an extensive affec¬ 
tion of the nerves is seen in neuralgia! what manifold disturbances of 
the organs of sense result from a nervous condition which has its source 
in the viscera of the abdomen! How common in such cases-are imper¬ 
fection of vision, noises in the ears, &c.! although it is certain that much 
which is laid to the score of the abdomen has a much deeper source, 
namely, irritation of the spinal cord. 

It is thus, also, that we must regard the sympathy of the optic nerve 
with the frontal branch of the fifth, and those cases of amaurosis ob- 
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served to follow injury of the frontal nerve; though it would perhaps 
be more correct to explain such affections, which according to my expe¬ 
rience are now but rarely seen, as the result of concussion of the eye 
and optic nerve produced by a blo^r on the forehead. 

Among the well-attested facts of physiology, again, there is not one 
to support the belief that one nerve of sense can assume the functions 
of another. The exaggeration of the sense of touch in the blind will 
not in these days be called seeing with the fingers; the accounts of the 
power of vision by the fingers and epigastrium, said to be possessed in 
the so-called magnetic state, appear to be mere fables, and the instances 
in which it has been pretended to practise it, cases of deception. The 
nerves of touch are capable of no other sensation than that of touch or 
feeling. Hence, also, no sounds can be heard except by the auditory 
nerve; the vibrations of bodies are perceived by the nerves of touch as 
mere tremours, a sensation wholly different in its nature from sound; 
though it is indeed even now not rare for the different modes of action 
of the vibrations of bodies upon the sense of hearing, and upon that of 
feeling, to be confounded. Without the organ of hearing with its vital 
endowments, there would be no such a thing as sound in the world, 
but merely vibrations; without the organ of sight, there would be no 
light, colour, nor darkness, but merely a corresponding presence or 
absence of the oscillations of the imponderable matter of light. 

VIL It is not known whether the essential cause of the peculiar energy''* 
of each nerve of sense is seated in the nerve itself, or in the parts of the brain 
and spinal cord with which it is connected; bat it is certain that the central 
portions of the nerves included in the encephalon are susceptible of their pecu¬ 
liar sensations, independently of the more peripheral portion of the nervous 
cords which form the means of communication with the external organs of 
sense. 

VIII. The immediate objects of the perception of our senses are merely 
particular states induced in the nerves, and felt as sensations either by the 
nerves themselves or by the sensorium; but inasmuch as the nerves (f the 
senses are material bodies, and therefore participate in the properties of mat¬ 
ter generally, occupying space, being susceptible of vibratory motion, and 
capable of being changed chemically as well as by the action of heat and 
electricity, they make known to the sensorium, by virtue of the changes thus 
produced in them by external causes, not merely their own condition, but also 
properties and changes of condition of external bodies. The information 
thus obtained by the senses concerning external nature, varies in each sense, 
having a relation to the qualities or energies of the nerve. 

Qualities which are to be regarded rather as sensations or modes of 
reaction of the nerves of sense, are light, colour, the bitter and sweet 
tastes, pleasant and unpleasant odours, painful and pleasant impressions 
on the nerves of touch, cold and warmth: properties which may belong 
wholly to external nature are “extension,’’ progressive and tremulous 
motion, and chemical change. 

The sense of touch has a much more extended sphere of action for 
the perception of space than has the sense of vision; but its perception 
of this quality of external bodies is much less accurate, and consider¬ 
able portions of the surface of the body or skin are in many instances 
represented in the sensorium by very few nervous fibres; hence, in 
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many parts of the surface, impressions on two points considerably 
removed from each other are, as E. H. Weber has shown, felt as one 
impression. Although the senses of vision, touch, and taste are all 
capable of perceiving the property of extension in space, yet the quality 
of the sensations which give the conception of extension is different 
in each of these senses; the sensation in one is an image of which the 
essential quality is light; in another, a perception of extension with any 
of the modifications of the quality of touch, between pain, cold, heat, 
and pleasure; in the third, a perception of extension with the quality of 
taste. 

The distribution of nerves of common sensation throughout the entire 
mass of the limbs, indeed throughout most parts of our body, gives to 
our sense of touch the faculty of distinguishing the extension of our 
own body in all its dimensions; for each point in which a nervous fibre 
terminates is represented in the sensorium. Collision with other bodies 
also, if forcible enough, may excite sensation to a certain depth in the 
mass of our body, and produce the perception of contusion in all the 
dimensions of the “cube.’’ Usually, however, the three senses which 
make us acquainted with the space occupied by bodies, submit to our 
perception the property of superficial extension only, owing to the ex¬ 
citing causes acting only on the sentient surfaces. The sense of touch 
has, however, here this advantage over the sense of vision, that the 
parts endowed with it can be made to embrace a body in several 
directions; and although the sensation even then affords essentially only 
a perception of superficial extension, namely of that of the surface of 
our body corresponding to the surfaces of the object, yet the mind, by 
taking into account the movements required for the embrace of the 
object, obtains from a sensation of superficial extent an idea of a body 
with a certain cubic capacity. 

There exists in this respect less real difference between the sense of 
vision and that of touch than is generally supposed. To place them on 
an equality, it is only requisite that the eye should be able to change its 
position so as to look towards the different surfaces of an object; and 
this defect can be supplied by changing the relative position of our 
body and the object. 

The motion of tremours, or vibrations, is perceived by several senses. 
This faculty is most evident in the cases of hearing and touch; but 
even the retina and optic nerve appear to be capable of distinguishing 
such impressions. 

The vibrations which in the organ of hearing give rise to the sensa¬ 
tion of sound, are perceived by nerves of touch in the skin as tremours 
frequently attended with the general impression of tickling; for instance, 
when a vibrating body, such as a tuning-fork, is approximated to a very 
sensible part of the surface. 

The faculty of discerning the rate of succession of impressions is pos¬ 
sessed by all the senses, though in a high degree only by the auditory 
nerves, in which its delicacy is very remarkable. 

The eye can communicate to the sensorium the image of a vibrating 
body, and can distinguish the vibrations when they are very slow; but 
here the vibrations are not communicated to the optic nerve in such a 
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manner that the latter repeats them, or that it receives their impulses; 
while in the ear the vibrations can bo imparted directly to the auditory 
nerve, in consequence of this nerve being spread out on parts which 
contain the “fluid of the labyrinth.’^ 

We are made acquainted with chemical actions by several senses, but 
principally by taste, smell, and touch, and by each of these senses in the 
mode proper to it. Volatile bodies disturbing the conditions of the 
nerves by a chemical action, exert the greatest influence upon the 
organ of smell; and many matters act on that sense which produce no 
impression upon the. organs of taste and touch,—for example, many 
odorous substances, as the vapours of metals, of lead for instance, and 
of many minerals, &c. 

It cannot, however, be stated as a general rule that volatile sub¬ 
stances are perceived only by the sense of smell; for the same substances 
are also capable of impressing the senses of touch and taste, provided 
they are of a nature adapted to disturb chemically the condition of those 
organs, and in the case of the organ of taste are dissolved by the fluids 
covering it. Some volatile substances—as, the vapours of horseradish 
and mustard, and acrid suffocating gases,—act very powerfully upon 
the common sensitive nerves of certain tracts of mucous membrane, as 
the conjunctiva and the mucous membrane of the lungs, exciting merely 
modifications of common feeling; many volatile matters also excite the 
sensations of burning, pain, &c. in the organ of touch when the skin is 
denuded of its epidermis. 

Fluid bodies, applied to the organs of touch and taste, produce che¬ 
mical disturbances in their nerves, which excite in each a different sen¬ 
sation; mustard, alkalies, acids, and salts, produce upon the skin, and 
upon the tongue, totally different effects. Their chemical action must 
primarily be the same; but the reaction excited differs according to the 
property of the nerves. On the tongue, however, both results are most 
probably produced in different nervous fibres at the same time, and by 
the same substance. Of all the nerves of sense, that of taste is most 
exposed to chemical influences, and is most affected by very slight 
modifications of the chemical constitution of bodies. The different 
conditions as to sensation, into wliich the nerves of touch can be thrown 
by chemical agents, are not by any means so numerous; moreover, these 
nerves are, at least upon the skin, (not on the mucous membranes,) 
protected from chemical influences by the epidermis. 

IX. That sensations are referred from their proper seat towards the exte¬ 
rior, is owing, not to anything in the nature of the nerves themselves, but to 
the accompanying idea derived from experience. 

To know the first independent action of our senses distinct from the results of 
their education, it would be necessary that we had a full recollection of the first im¬ 
pressions made upon them independently of the ideas obtained through their means. 
This is impossible. Obscure ideas arise even from the first impressions on the 
senses of the child. It only remains for us then to analyse the act of sensation and 
the idea with reference to their real import. Doing this, we find in the act of the 
mind which accompanies sensation, opposed to each other, the percipient conscious 
subject, or self, of the sentient body whose conditions, whether internal or determined 
from without, are objects for this “conscious self,” and the external world, with 
which the sentient body is brought into collision. To the mental consciousness,— 
to the “self” of the animal being,—every sensation, every motive from without. 
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every “passion” in the logical sense, is something external. The “self” of the 
individual opposes itself as a free “ subject” to the most intense sensations,—to the 
most tormenting pains. The limb which gives us pain can be removed without the 
integrity of the individual spirit being diminished ; the “ self” of the being may be 
deprived of most of the limbs (parts) of the organic body, and yet be itself as perfect 
as before; but we have thus far made no distinction between the “exterior” which 
the organised limbs of our body form in relation to the consciousness of our “ self,” 
and the “exterior” which the external world itself forms with regard to our body. 
The origin of this distinction can be recognised most easily in the sense of touch, 
which is the first to come into collision with the external world. If we imagine a 
human being, in which—as in the foetus in utero; for example,—the sense of vision 
has never received any impressions, and in which sensations of touch merely have 
been excited by impressions made upon its body from without, it is evident that the 
first obscure idea excited could be no other than that of a sentient passive “self” in 
contradistinction to something acting upon it. The uterus, which compels the child 
to assume a determined position, and gives rise to sensations in it, is also the means 
of exciting in the sensorium of the child the consciousness of something thus distinct 
from itself and external to it. But how is the idea of two “exteriors,”—of that 
which the limbs of the child’s body form in relation to its internal self, and of the 
true exterior world,—developed ? In a twofold manner. In the first place, the child 
governs the movements of its limbs, and thus perceives that they are instruments 
subject to the use and government of its internal “ self,” while the resistance which 
it meets with around is not subject to its will, and therefore gives it the idea of an 
absolute exterior. Secondly, the child will perceive a difference in the sensations 
produced, according as two parts of its own body touch each other, or as one part of 
Its body only meets with resistance from without. In the first instance, where one 
arm, for example, touches the other, the resistance is afforded by a part of the child’s 
own body, and the limb thus giving the resistance becomes the subject of sensation 
as well as the other. The two limbs are in this case external objects of perception, 
and percipient at the same time. In the second instance, the resisting body will be 
represented to the mind as something external and foreign to the living body, and not 
subject to the internal “ self.” Thus will arise in the mind of the child the idea of a 
resistance which one part of its own body can offer to other parts of its body, and at 
the same time the idea of a resistance offered to its body by an absolute “exterior.” 
In this way is gained the idea of an external world as the cause of sensations* 
Though the sensations of the being actually inform him only of the states of himself, 
of his nerves, and of his skin, acted on by external impressions, yet, henceforth, the 
idea of the perception of the external cause becomes inseparably associated with the 
sensation of touch; and such the condition of sensation in the adult. If we lay our 
hand upon a table, we become conscious, on a little reflection, that we do not feel the 
table, but merely that part of our skin which the table touches; but, without this 
reflection, we confound the sensation of the part of the skin which has received the 
iifipression with the idea of the resistance, and we maintain boldly that we feel the 
table itself, which is not the case. If the hand be now moved over a greater extent 
of the table’s surface, the idea of a larger object than the hand can cover is obtained. 
If, to encompass the resisting object, the hand require to be moved in different direc¬ 
tions and planes, the idea of surfaces applied to each other in different directions is 
conceived, and thus the notion of an external solid body occupying space obtained. 

X. The mind not only perceives the sensations and interprets them ac¬ 
cording to ideas previously obtained, hut it has a direct influence upon them, 
imparting to them intensity. This influence of the mind, in the case of the 
senses which have the power of distinguishing the property of extension in 
objects, may he confined to definite parts of the sentient organ; in the sense 
gifted with the power of distinguishing with delicacy intervals of time, it 
may be confined to particular acts of sensation. It also has the power of 
giving to one sense a predominant activity. 

The attention cannot be directed to many impressions at the same 
time: in proportion as coetaneous impressions on the senses become 
numerous, the sensations diminish in intensity, or the mind receives one 
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only with distinctness; while the others are only obscurely, or not at all 
perceived. If the attention be withdrawn from the nerves of sense,.and 
engaged in intellectual contemplation, deep speculations, or an intense 
passion, the sensations of the nerves make no impression upon the 
mind; they are not perceived,—that is to say, they are not communi¬ 
cated to the conscious “self,” or with so little intensity, that the mind 
is at the moment, on account of being quite preoccupied by some other 
idea, unable to retain the impression, or only recollects it some time 
after, when the equilibrium of the sensorium is restored, and it is freed 
from the preponderating influence of the idea which had occupied it. 
The acuteness which individual senses acquire when others are quite 
inactive, is therefore readily intelligible; the attention is no longer 
divided between the several senses, but is wholly engaged in the 
analysis of the sensations of one. 

The blind man acquires such an extraordinary acuteness of touch, as 
to distinguish with facility the minute elevations on the surface of 
money, for example; sometimes, indeed, he is able to discriminate 
between the corpus or grain of one colouring matter and that of another. 

Are there new or peculiar senses possessed by some animals in addition to 
the generally recognised ones? —In concluding this introduction to the 
physiology of the senses, the question naturally presents itself: Is the 
number of the senses limited? may not some animals be endowed with 
other senses besides those which we possess? The error into which 
Spallanzani fell, in ascribing a peculiar sense to bats on account of their 
expertness of flight along the surface of walls when they could not see 
them, is well known. Many persons again have ascribed to animals a 
peculiar sense by reason of their foreknowledge of the changes of 
weather. Since the state of the atmospheric pressure, the quantity of 
watery vapour in the atmosphere, temperature, and electricity, have so 
marked an influence on the animal oeconomy of our own bodies, that 
we are sensible of changes which they undergo, the possibility of such 
and even greater influences on animals may very well be conceived; 
but even great dependence on the state of the atmosphere with reference 
to sensation does not require a new sense. On the contrary, the state 
of the atmosphere may be perceived by its influence on the whole ner¬ 
vous system, and particularly through the sensations of the nerves which 
are most numerous, and most exposed to the atmosphere, namely, the 
nerves of touch or common sensation. The supposed existence of a 
special sense for the perception of electricity in some animals is, hpriori^ 
not admissible; for electricity acts, as we have already shown, upon all 
the senses, exciting in each the sensation peculiar to it. 

The essential attribute of a new sense is, not the perception of exter¬ 
nal objects or influences which ordinarily do not act upon the senses, 
but that external causes should excite in it a new and peculiar kind of 
sensation different from all the sensations of our five senses. Such 
peculiar kind of sensation will depend on the powers of the nervous 
system; and the possibility of the possession of such a faculty by some 
animals cannot, h priori^ be denied: no facts, however, are known which 
establish the existence of such a new mode of sensation, and it is, in fact, 
quite impossible to have any experience of the nature of a sensation in 
any other beings than ourselves. 
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Some physiologists have regarded the internal sensations of the sense 
of touch by which we are made acquainted with the different states of 
our body, as something different from that sense, and have ranked the 
conscious perception of the different parts of our frame [Gemeingefithlj 
cceniesf/iesis, or common feeling,) almost on a level with the other 
senses. This is an error; for the sensations here alluded to are of^the 
same nature as those of the skin which are excited from without, only 
that in many organs they are more undefined and obscure. Moreover, 
it is indifferent whether a sense be excited to action from within, or 
from without; in no sense do we perceive any essential difference 
between the sensations thus produced. The designation, “sense of 
touch,” expresses certainly a special relation of that sense to the ex¬ 
ternal world; but the act of “touch” merely renders manifest the 
energies of this sense, which everywhere resides in the same nerves— 
the mixed cerebral and spinal nerves with double roots. Something 
analogous to the act of touch is observed in the other senses; it is an 
action of the sense voluntarily directed; and in the same way there is a 
voluntary hearing (listening), seeing (looking), tasting, and smelling.* 


SECTION I. 

OF VISION. 

CHAPTER I. 

I. OF THE POSSIBLE FORMS OF ORGANS OF VISION. 

From the facts stated in the introduction to the physiology of the 
senses we have learnt that light and colour are sensations of the optic 
nerve and retina, and that the appearance of darkness before the eyes 
is the sensation proper to the state of repose, or unexcited condition of 
the retina. The sensations of light and colour are produced, in the 
midst of this darkness, wherever aliquot parts of the retina are excited 
by any internal stimulus, such as the blood, or by an external stimulus, 
such as mechanical pressure, electricity, &c. The seat of the sensation 
varies with the part of the retina acted on by the stimulus. The lumi¬ 
nous spectrum produced by pressing upon one side of the closed eye is 
always seen upon the opposite side; and those produced by exerting 
pressure upon the upper or lower part of the retina are also seen at the 
opposite points of the field of vision. If the pressure is made by means 
of a small body, such as, for example, the blunt point of any instrument, 
and the parts of the retina affected by it consequently of limited extent, 
the luminous image is also small. If, on the contrary, the pressure be 

* The general treatises on the physiology of the senses are: Le Cat, Traite des Sens. 
Amst. 1744.—Elliot, Observations on Vision and Hearing. London, 1780. (Uber die 
Sinne. Leipz. 1785.—Steinbuch, Beitrage znr Physiologie der Sinne. Niirnberg, 
1811.—Tourtual, Die Sinne des Menschen. Munster, 1827.) 
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made over a greater extent at the angle of the eye with the edge of so«ie 
body, the image produced has a corresponding extent. These images 
are not defined, on account of the pressure upon the eyeball through 
the eyelids and coats of the eye being necessarily diffused to a certain 
distance around the space which the pressing body itself would act 
upon. If, however, it were possible to confine the pressure accurately 
to determine portions of the retina, we should doubtless be able to pro¬ 
duce perfectly defined images by mechanical means. The physical im¬ 
ponderable principle which has received the name of light, because the 
luminous affections of the retina are usually caused by it, produces, 
when the whole of that nervous expansion is uniformly affected by it, 
the sensation of a diffused light occupying the whole field of vision, in 
place of the darkness seen before the eyes when the retina is not excited. 
But if this well-adapted and salutary stimulus of the retina acts orily 
on definite parts of the retina, luminous images are formed at those 
parts, and the shadows of these images are the irrtervening parts of the 
retina which are not stimulated to the sensation of light, and conse¬ 
quently retain the sensation of darkness, as when the eyes are closed. 
It is thus that we are enabled to see bodies, which either themselves 
radiate the principle called light,—luminous bodies, or, being imper¬ 
meable by that principle, reflect it when they receive it from other 
bodies, and so direct it into the sentient ey’^e. The sensation of light is 
then produced at a determinate part of the eye, and we think to see 
the body, which, however, merely reflects into the eye the principle 
capable of exciting the sensation of light, which it has itself received 
from elsewhere. 

II. THE EYE OP MAN AND VERTEBRATE ANIMALS. 

This is not the place to treat of the structure of the different parts of 
the eye, and to describe its general anatomy. It is our object here to 
refer merely to the principal structural relations important for the func¬ 
tion of vision. 

Appendages of the eyes.—The eye-lids —The eye-lids may be entirely wanting, the 
skin passing in that case simply over the surface of the eye, as in many fishes and 
several Amphibia,—for example, in the Proteida and Pipa; or the skin forms eye-lids 
(palpebras), which may be either single or double, or be united into a circular aone 
with a central opening, as in the chameleon. In addition to the ordinary eye-lids, 
there is seen in some animals the membrana nictitans, or third eye-lid, which exists 
in a rudimentary state even in Mammalia, is most fully developed in birds and rep¬ 
tiles, and exists again in a less perfect form in fishes, namely, in several genera of the 
shark family. 

Of similar nature to the membrana nictitans is a spectacle-like transparent space in 
the inferior eye-lid of some lizards, as several of the Scincoid family, which can be 
drawn over the eye; and, while it corresponds to the cornea, does not prevent vision. 
The immovable capsule in front of the eye in serpents is, on the contrary, quite a 
peculiar structure. 

The lachrymal apparatus is absent in cetaceous Mammalia, in Amphibia, and in 
fishes. 

2'he tunics of the eye. —The sclerotica in many animals exhibits a tendency to be car¬ 
tilaginous or bony. In birds, Chelonia, and lizards, the anterior part of the sclerotica 
immediately around the cornea contains a ring of osseous plates, of which the edges 
either lie one over the other in an imbricated manner, or are merely in apposition; and 
the sclerotic coat in fishes generally contains two large plates pf cartilage. 
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The choroid is in animals divisible into two laminae,—the external proper choroid, 
and the internal membrana Ruyschiana; in iishes the external lamina has generally a 
silvery lustre, while the internal is covered with pigment. Between the two at the 
point of entrance of the optic nerve is situated the glandula choroidalis, a body of a 
horse-shoe shape, which receives a large quantity of blood.* The ciliary ligament is 
in man and in Mammalia of fibrous structure, but in birds appears to be muscular. 
The inner surface of the choroid is in all animals covered by the membrana pigmenti^ 
which is composed of flattened cells, often of hexagonal form, containing the granules 
of pigment. In albinoes these cells contain no pigment. In several animals it is 
normally deficient at certain parts of the eye, which then either are white, or have a 
metallic lustre, and are called the Tapetum. The tapetum at the posterior and external 
part of the eye in ruminant animals is covered with the cells of the pigment mem¬ 
brane, but the pigment itself is wanting. The metallic lustre and iridescent colour of 
the tapetum in these animals appears to be owing to the structure of the choroid pro¬ 
ducing “interference” of light, and not to the presence of any material colouring 
matter; they are,therefore lost when the choroid is dried.f The perfectly white 
colour of the tapetum, which occupies an accurately defined triangular space at the 
bottom of the eye of carnivorous animals, is not destroyed by drying, and is due to a 
peculiar pigment. The smallest quantity of light entering the eye is reflected by the 
tapetum; and hence it is that the eyes of animals provided with this structure are 
luminous in a very faint light, though not in perfect darkness (see page 95). 

The corpus ciliare, or ciliary processes, do not exist in fishes, with few exceptions; 
but a falciform process passes through a cleft in the retina, and attaches itself firmly 
to the margin of the lens, which is also held in its position by a small pear-shaped 
body (the campanula Halleri). 

The iris is mobile in most animals, but in the osseous fishes is scarcely, if at all, 
so. In the horse, narwhale, lama, and rays, it presents at the upper border of the 
pupil a veil-like appendage. The pupil is sometimes round; sometimes elongated 
transversely, as in the Ruminantia; sometimes in the perpendicular direction, as in the 
cat family and the crocodile; sometimes triangular, as in the brown or fire toad, Rana 
bombina, &;c. 

The pecten or marsupium is characteristic of birds; it is a pyramidal plicated process 
provided with pigment, which has its origin in the choroid coat, passes through an 
opening in the retina, at the bottom of the eye, into the middle of the vitreous humour 
in the direction of the margin of the lens; its situation is the posterior and external 
part of the cavity of the eye. Lizards have a trace of the pecten, and the processus 
falciformis of fishes is perhaps an analogous structure. 

Transparent media of the eye, —The inimate structure of the lens has been already 
described at page 109. It consists of concentric lamellae enclosed one within the 
other. It has been observed that these lamellae, or capsules, are again formed of 
fibres by which the thickness of each is determined. Dr. Brewster has shown that 
the fibres are united to each other by toothed margins, which are most distinct in fishes. 

Optic nerve and Retina —The most remarkable peculiarities of structure are pre¬ 
sented by these parts. The optic nerve is always constituted of primitive nervous 
fibres, which are similar to those of the brain, being very minute, much more so than 
those of other nerves. The nerve thus composed either presents a merely fibrous 
structure, as in man: or these fibres are arranged in particular situations, as at the 
chiasma, into laminae; the laminae of one nerve passing at this part between those of 
the other, as in birds, reptiles, and Amphibia: or, lastly, the whole optic nerve, in its 
course from the brain to the eye, is membranous; this structure, which Malpighi dis¬ 
covered in the sword fish, appears to be characteristic of all fishes. When the sheath 
of the optic nerve in these animals is laid open, the optic nerve is seen, having the 
form of a membrane with free borders folded together like a curtain; and it would 

* On tlie structure of this body, see Mr. Owen’s remarks in the third volume of the 
Physiol. Series of tlie Catalogue of the Hunterian Museum; and Mr. Wharton Jones’s paper 
in the twenty-first volume of the Med. Gazette, p. 650. 

+ It has been sliown by Hessentein, Valentin (Repertor. 1837, p. 246), and Mr. H. J, 
Carter, (Medical Gazette, Jan. 5, 1839,) that the action of the tapetum of ruminant animals 
in decomposing light depends on its being formed of parallel waving fibres like those of 
tendon. 'I'he influence of these fibres in producing the iridescent colours is explicable on the 
principle of “ interference.” 

61 
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seem that the retina is formed simply by the unfolding of this membrane. (J. Muller^ 
Physiol, des Gesichls-sinnes, tab. 3, fig. 19.) The retina in the eye of fishes has at least 
two corresponding free borders, being cleft and gaping from its anterior margin to the 
fundus of the eye. 

The union of the two optic nerves soon after their origin, or the optic commissure 
or chiasma, next requires our attention. The varieties in structure with relation to 
this part may be stated as follows:—1. The structure which exists in osseous fishes. 
Here the two nerves are connected after their origin by a slender transverse comniis- 
sure; and then form no chiasma, but simply decussate without their fibres mingling, 
the right nerve going to the left eye, and the left nerve to the right eye. 2. The 
structure proper to cartilaginous fishes. Here the nerves do not decussate as in osse¬ 
ous fishes, but are closely connected by a commissure, the internal structure of which 
is not known; this form approaches very nearly to the chiasma of the higher animals. 
3. The chiasma of Amphibia, reptiles, and birds, which in external appearance is 
similar to that of Mammalia, but has an internal laminated structure; the laminae of one 
optic nerve passing between those of the other nerve, like the crossed fingers of oppo¬ 
site hands. It is not yet known whether all the fibres of the two optic nerves decus¬ 
sate here, or whether a portion is continued to the eye of the same side as that of their 
root. 4. The chiasma of Mammalia and man. The laminated structure is here 
absent. There is a partial decussation of the fibres of the two nerves, while another 
portion is continued to the retina of the same side. This structure is more evident in 
mammiferous animals than in man. The superior and external portion of each root of 
the optic nerve is, in the horse, continued to the eye of the same side; the rest of the 
fibres decussate, and form part of the nerve of the opposite side.* 

The microscopic structure of the retina has been recently elucidated by the discove¬ 
ries of Treviranus,f with which the observations of Gottschet also are in accordance. 
The following description takes account of all the most important points in the struc¬ 
ture of this part:—^The retina consists of three principal layers; an external pulpy or 
pavement-like layer of granules, a middle fibrous layer, and an internal layer composed 
of erect cylinders, which is the continuation of the fibrous layer. The optic nerve, at 
its entrance into the eye, divides into the cylindrical nervous fibres which radiate out 
in the middle fibrous lamina of the retina. Each nervous fibre, or each fasciculus of 
several fibres, bends, as Treviranus discovered, at a certain point of its course, from 
the horizontal direction towards the opposite internal surface of the membrane, where 
it ends as a papilla. Although the three layers of the retina certainly exist, and 
although the rod-shaped bodies composing its internal lamina are very distinct, having 
been seen by Volkmann, E. H. Weber, Gottsche, Ehrenberg, and myself, yet the essen¬ 
tial nature and mode of connection of these bodies with the fibres of the fibrous layer are 
still involved in obscurity. It is a question, namely, whether the rod-shaped bodies 
correspond exactly in number to the nervous fibres, and whether each fibre actually 
corresponds to one of those bodies, or whether the latter are superposed in series upon 
the fibres of the fibrous layer. 

Conditions necessary for vision .—Owing to ignorance of the physical 
conditions necessary for vision, it has become a current opinion that there 
are animals endowed with the perception of light by their skin. It can¬ 
not be doubted that many animals which have no eyes are sensible of 
the influence of the principle of light; thus, Rapp {Nova Acta Acad. 
Nat. Cur. xiv. p. 2,) observed that the Veretillum cynomorium, one of 
the Polypifera, avoids the light, and prefers shaded situations.§ But, 

♦ J. Mailer, Physiol, des Gesichls-sinnes, tab. 2 figs. 4, 5. 

t Beitrage zur Aufklarung des Organischen Lebens. Bremen. 

i PfafTs Mittheilungen aus dem Gebiete der Medicin, 1836. Heft 3,4. The most internal 
fibres of the cerebral portion of each optic nerve are, according to Mr. Mayo, continuous in 
the commissure with corresponding fibres of the opposite nerve; these would be, as Mr. Solly 
remarks, strictly commissural fibres. The innermost fibres of the nerves beyond the com¬ 
missure are also described by Mr. Mayo to be united in a similar manner by a sort of loop, 
and not to be eontinued backwards through the chiasma. 

§ With respect to the Hydras no decided result has been obtained, notwithstanding 
the experiments of Trembley, Baker, Hanow, Roesel, Schaeffer, Bonnet, and Goeze. 
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with respect to the mode of action of light on such animals, we have 
no facts to prove that it produces in their skin, or the entire surface of 
their body, really the sensation of light, and not another kind of sensa¬ 
tion. We ourselves are sensible of the action of light on our skin by 
the sensation of warmth which it produces, but do not thence derive any 
sensation of light; for, as far as we can judge from facts, the optic nerve 
alone is susceptible of that sensation. The action of light on the lower 
animals destitute of eyes may be similar to its action on the surface of 
our body. Even plants are strongly affected by its influence; the direc¬ 
tion in which they grow and spread their branches is regulated by their 
tendency to bend towards the light. 

The connection of the sensation of light solely with special nerves 
endowed with a specific sensibility is proved by the actual existence of 
eyes in many of the animals lowest in the scale of organisation. Many 
of the Annelida, as several of the Nereida, several species of Eunice, 
Phyllodoce, Spio, and Nais, almost all the Hirudo family, and the 
Aphrodrite heptacera, have dark eye-dots on their head. An annelide 
nearly allied to Sabella, and observed by Ehrenberg, Henle, and myself, 
has two such dark points at each extremity of its body; and it creeps 
both forwards and backwards. The Hirudo medicinalis has, as E. H. 
Weber pointed out, ten dark eye-dots on its head, which in the embryo 
are distinctly visible, the body being yet transparent. 

A second critical remark, which suggests itself in connection with this 
subject, relates to the opinion that, by virtue of the exaltation or trans¬ 
position of sensibility, it is possible for persons to see with the skin. 

It is a known fact that we cannot, by means of the fingers, recognise 
colours as such; although it may be possible to distinguish the corpus 
or grain of some colouring matters when laid thickly upon a surface, 
since they are uneven, and adhere to the skin which touches them. 
The necessity for an optical apparatus for the production of an image 
upon a percipient membrane sufficiently refutes the notion of persons 
being able to see with their epigastrium, or with the fingers, when in 
the so-named magnetic or mesmeric states. Even though the skin of 
the epigastrium or fingers were susceptible of the sensation of light, 
which they are not, the perception of objects would yet be impossible, 
unless there were optical apparatus for collecting the light radiated 
from certain points of the object upon certain corresponding points of 
the sensitive surface; and, without such apparatus, the epigastrium and 
fingers, though they possessed the sensibility for light, would merely be 
able to distinguish light from darkness. Since, however, these parts 
are not susceptible of the sensation of light, and since no sense can be 
transferred from one part to another, it is quite impossible for a person 
in the magnetic state to have even an obscure perception of light and 

Ingenhouss and Goldfuss relate that the green matter of Priestley collects especially 
in places exposed to a bright light. This green matter which collects in such situa¬ 
tions, may certainly consist of living infusory animalcules, since many of these 
creatures have a green colour, and many indeed have, according to Ehrenberg’s ob¬ 
servation, eye-dots. What is usually called the green matter of Priestley, however, 
often consists merely of the dead remains of green Infusoria, as the Euglena viridis 
and others. 
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darkness by means of any other parts than the eyes. Moreover, when 
the eyes are hound, it is still possible to distinguish the light, and even 
objects, by slightly raising the eye-lids, as every one well knows who 
has played at the game of “ blind-man’s buff;” and persons lying, like 
the subjects of the pretended magnetic sleep, in the horizontal posture 
with their eyes bound, can see every part of the room by looking under 
their bandage. But what well-informed physician can put faith in the 
fables told by the upholders of animal magnetism? It is quite in ac¬ 
cordance with the laws of science that a person sleeping shall have 
ocular spectra,—we experience them sometimes when the eyes are 
closed, even before falling asleep,—for the nerves of vision may be 
excited to sensation by internal as well as by external causes; and so 
long as a “ magnetic” patient manifests merely the ordinary phenomena 
of nervous action that are seen in other disorders of the nervous system, 
it is all creditable enough. But when such a person pretends to see 
through a bandage placed before the eyes, or by means of the fingers or 
the epigastrium, or to see round a corner and into a neighbouring house, 
or to become prophetic, such arrant imposture no longer deserves for¬ 
bearance, and an open and sound exposure of the deception is called 
for. 

III. OF THE PROCESS OF VISION IN EYES WITH CONCENTRATING DIOPTRIC 

MEDIA.* 

In the compound eye of insects and Crustacea vision is eflected by 
the radiating cones transmitting to the optic nerve those rays only of 
the cone of light emitted by each point of the object, which have the 
direction of the axis of the cones, or of the radii of the eye, while the 
rest of the rays are absorbed. In eyes furnished with collective or con- 
centrative refracting media, the cone of light emitted by each point of 
the object is collected again to a point upon the sentient retina. 

The refraction of the rays of light in the eyes of man and the higher 
Mammalia is, however, threefold. The rays of the cones of light 
emitted by different points of an object, are first refracted by the cornea 
and the aqueous humour contained between it and the lens,—that is to 
say, the rays are bent towards the axis of the cone of light; the media 
just mentioned having the power of refracting light by virtue of their 
density being greater than that of the air, and by reason also of their 
convexity. The rays of each cone of light are again refracted and 
bent still more towards its central ray or axis by the anterior surface 
of the lens; this body having a greater density than the aqueous 
humour, and its anterior surface being convex. The rays are again 
refracted in pa.ssing out of the lens into the less dense medium of the 
vitreous humour. It can be shown, that a lens has the power of re¬ 
fracting the rays of a cone of light so as to bend them towards the axis 
of the cone, not only on their entrance from a rarer medium into the 
anterior convex surface of the lens, but also at their exit from its pos¬ 
terior convex surface, when they pass again into the rarer medium. In 
this manner the rays of the cones of light issuing from the points of the 

♦ After the treatises of Treviranus, Tourtual, Hueck, and Volkmann. 
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object are again collected to points; and, if the retina be situated at the 
proper or focal distance, perfect images of the points will be perceived: 
but if the retina be not thus situated, but either before or behind that 
situation,—circular luminous spots, instead of points, will be seen; 
for the rays have not yet met, or they have already intersected each 
other, and are again diverging. The retina must therefore be situated 
at the proper focal distance from the lens, otherwise a defined image 
will not be formed, or, in other words, the rays emitted by a given 
point of the object will not be collected into a point upon it. The focal 
distance of the image is greater, the nearer the object to the lens, and 
vice versd. The direction given to the rays by their refraction is regu¬ 
lated by that of the central ray, or axis of the cone, towards which the 
other rays are bent. 

We have hitherto regarded those rays of the cones of light which 
traverse the middle of the pupil, and therefore pass through the crys¬ 
talline lens near its centre, as determining the situation of the image on 
the retina. In this supposition, however, there is a slight inaccuracy,— 
that is to say, a line drawn from a given point of the object through the 
middle of the pupil wohld not fall exactly upon the corresponding point 
of the image on the retina; for even the central rays of a cone of light, 
when they fall obliquely upon the cornea and lens, suffer refraction 
from their original direction. Hence it follows that the actual direction 
of the central ray of a cone of light can be found only by experiment 
and calculation, and that the law laid down with regard to the optical 
angle requires some modification. 

Since the surface upon which the images are formed in the eye is 
concave, and from its centre towards its margins gradually approaches 
the lens, it necessarily follows that the images of objects situated at the 
sides cannot be so distinct as those of objects nearer to the middle of 
the field of vision, of which the images are formed at a distance behind 
the lens exactly corresponding to the situation of the retina. The'indis¬ 
tinctness of the side images has, however, other causes besides this. 
The rays of a cone of light from an object situated at the side of the 
field of vision do not meet all in the same point, owing to their unequal 
refraction; but the main cause of the images of objects depicted on the 
retina becoming less distinct as they are more distant from its centre, 
seems to lie in a peculiarity of that membrane itself. 

The refraction of the rays which pass through the circumference of 
the lens, and of those traversing its central portion, being unequal in 
consequence of “spherical aberration,’’ a contrivance for the prevention 
of indistinctness of vision from this cause was required in the eye, like 
that employed in optical instruments,—namely, a diaphragm, to cover 
the circumference of the lens, and to prevent the rays from passing 
through any part of the lens but its centre; this diaphragm is the iris, 
and the central opening for the transmission of the rays, the pupil. 
The iris has, however, this advantage over the diaphragms of optical 
instruments, that it is mobile,—has the power of dilating and con¬ 
tracting. The dilatation of the pupil in the dark, or in a feeble light, 
has the good effect of admitting more luminous rays, even though the 
image is rendered less distinct. But even the image formed by the rays 
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passing through the circumference of the lens when the pupil is much 
dilated may, under certain circumstances, be well defined; the image 
formed by the central rays being then indistinct or invisible, in conse¬ 
quence of the retina not receiving these rays where they are concen¬ 
trated to a focus. The image must be most defined and distinct when 
the pupil is narrow, the object at the proper distance for vision, and 
the light abundant; so that, while a sufficient number of rays are ad¬ 
mitted, the narrowness of the pupil prevents the production of indis¬ 
tinctness of the image by spherical aberration or unequal refraction. 

With respect to the lens, we may remark that it must be more dense 
and more convex in proportion, as the difference between the density of 
the medium in which the animal lives, and that of the aqueous humour, 
is less. In fishes the lens is spherical, and the cornea generally flattened. 
In animals which live in the air, the cornea is more convex, and the lens 
much less so. 

The interior of the eye, namely, the posterior surface of the iris and ciliary processes, 
and the inner surface of the choroid, immediately external to the retina itself, is 
coated with black pigment, which has the same eifect as the black colour given to 
the inner surface of the walls of optical instruments. I,t absorbs any rays of light 
which may he reflected within the eye, and prevents their being thrown again upon 
the retina so as to interfere with the distinctness of the images there formed. This is 
the use of the pigment on the posterior surface of the iris and ciliary processes. But 
the coating of the outer surface of the retina by the pigment of the choroid is also 
important in the same respect; for the retina is very transparent, and if the surface 
behind it were not of a dark colour, but capable of reflecting the light, the luminous 
rays which had already acted on the retina would be reflected back again through it, 
and would fall upon other parts of the same membrane, the consequence of which 
would be not merely dazzling from the excessive action of light, but also indistinctness 
of the images. Animals in which the choroid is destitute of pigment, and human 
albinoes suffer in this way; they are dazzled by daylight, and see best in the twilight. 

In many animals, which are most active, and hunt their prey when it is becoming 
dark, but are sluggish during the day, as in the cat family and other nocturnal animals, 
the portions of their choroid destitute of pigment, or rather covered with white pigment 
in place of black, are of service by increasing the action of the luminous rays upon 
the retina. 

The distinctness of the image formed upon the middle portion of the retina is de¬ 
pendent on several very different conditions: namely, I, on the rays emitted by each 
luminous point of the object being brought to a perfect focus upon the retina without 
any halo being produced; 2, on the sufficiency of the illumination; 3, bn the small 
size of the elementary parts of the retina which are susceptible of distinct sensation. 

Different Distances of Vision .—The first condition, namely, the necessity of the focus 
of the cones of light mlling exactly upon the retina, is the cause of the different dis¬ 
tances at which different persons see distinctly; some persons being short-sighted, 
others long-sighted; while in others, again, there are no such narrow limits to the 
sphere of distinct vision, their eye being able to adapt itself for the formation of the 
image upon the retina according to the distance of the object. Since, however, this 
power of adaptation of the eye for vision at different distances has its limits, there is 
in every individual a distance at which he sees most distinctly, and at which the focus 
of the image formed by the refracting media of his eye corresponds most accurately 
with the situation of his retina. This “distantia visionis distinctae” may be stated 
at from five to ten feet [^query, inches] in the majority of individuals. Objects which 
are too near the eye throw very indistinct images upon the retina; a slender body, 
such as a pin, held close to the eye, cannot be seen at all, or produces only an unde¬ 
fined impression on the retina. Few persons, on the other hand, are able to read print 
at a much greater distance than twenty inches. The refractive power of the trans¬ 
parent media of the eye is the source of great difference in this respect. Short-sighted 
or myopic persons see the nearest object distinctly, while they cannot discern distant 
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objects; long-sighted persons can see a small body which is not very visible, only 
when it is held at a considerable distance from their eyes. 

The second condition for distinctness of vision is an adequate quantity of light; ex¬ 
cess as well as deficiency of light causes the images of objects to be indistinct. 

The third condition is the minute size of the ultimate divisions of the retina capable 
of independent sensation. An illustration of this is afforded by bodies of which the 
surfaces are marked with very fine alternate black and white lines. Engravings 
viewed at such a distance that the images of the black and white lines fall together 
upon portions of the retina of a certain degree of minuteness, cannot be distinguished 
as separate lines, and produce merely the mixed impression of grey; the same remark 
applies to very fine lines of different colours regularly alternating with each other,— 
for instance, blue and yellow lines: in this case the impression of green will be pro¬ 
duced. Hence it is that all mixtures of two different colouring matters are seen, not 
as two' colours mixed, but as a single intermediate colour. There must therefore be 
ultimate portions of the retina in which all simultaneous impressions are perceived as 
one only, and are not distinguished as occupying distinct places in the field of vision, 
even when they really are distinct in the image formed by the refracting media. The 
idea immediately suggests itself, that these ultimate sentient portions of the retina 
may be the papillae or rod-shaped bodies of its internal lamina; and it would appear 
probable that different luminous rays impinging simultaneously on the different points 
,of the surface of such minute portion or papilla of the retina will not be perceived as 
distinct rays, but that each papilla will receive from all one mixed impression only, 
and will propagate such an impression to the optic nerve. On this supposition the 
image perceived in these eyes must be composite, like a piece of mosaic-work, in 
which each elementary portion is in itself homogeneous. In accordance with this 
view, it is found that the ultimate anatomical elements of the retina agree pretty 
nearly in size with the smallest portions of the retina ascertained by experiment to 
be capable of separate sensation. The smallest angle under which two points can be 
distinguished by many persons is 40". From this. Smith calculated that the size of 
the smallest portion of the retina endowed with distinct sensation is of an inch; 
and, according to the measurements of Treviranus, the diameter of the papillae of the 
retina in the rabbit is 0'0033 millim.; in birds from 0*002 to 0*004 millim. Now, 
0*003 millim. equals 0*00011 of an English inch, and 0*004 millim. = 0*00015 of an 
English inch. The mean between 0 003, and 0*004 millim., or, as an approximation, 
between and inch, being therefore assumed as the diameter of the 

papillae of the retina, the size of these parts would agree very exactly with that of the 
smallest portions of the surface of that membrane capable of distinct sensation. The 
measurements of the globules of the human retina, taken by E. H. Weber some years 
since, also accord with this view: he found their diameter to be between and 
55 >gg of a French inch. 

According to other data, however, no such agreement is found to prevail; and 
Volkmann’s observations render it probable that the discriminating power of the retina 
is much greater than it could be, were the nervous fibres its ultimate elements. 
Muncke assumes 30" as the smallest angle at which an object can be distinguished; 
Treviranus could discern a black point 0.00833 of an inch in diameter, upon a white 
ground, at a distance of 48 inches; and Volkmann calculates that the diameter of the 
smallest image perceived by the retina is 0.000060". Even this estimate of the dis¬ 
cerning power of the retina he regards as too low: any eye of moderate power can, he 
says, see a hair 0.002 of an inch in diameter at the distance of 30 inches, when an 
image on the retina of 0*000023 of an inch only would result. A pupil of Von Baer 
could see a hair g*gth of a line in diameter at the distance of 28 inches, in which case 
Volkmann calculates that an image ^,^^^^ 5 ( 7 X 3 : of an inch was perceived in the retina* 
Volkmann concludes, therefore, that, even disregarding the last extraordinary instance, 
the smallest images/perceived in the retina are smaller than the most minute known 
anatomical elements of that structure. 

IV. ADAPTATION OF THE EYE TO VISION AT DIFFERENT DISTANCES. 

It will have been perceived, from the facts already stated, that some 
changes in the internal condition of the eye are necessary for the pur¬ 
pose of distinct vision at different distances. The focus of the image of 
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distant objects is somewhat nearer to the lens than that of the image of 
near objects. The amount of the difference in the focal distances for 
near and distinct objects, as deduced from the refractive powers of the 
media of the eye, has been calculated by Olbers.* We shall extract 
some of the results of his calculations, in order to give an accurate idea 
of the degree of modification required in the eye. The distance of the 
image from the cornea when the objects were at the distances of 4, 8, 
and 27 inches, and at infinite distance, so that the rays were essentially 
parallel, was found to be respectively as follows: 

Distance of the object. Distance of the image from the cornea. 

Infinite .... 0‘8997 of an inch. 

27 inches .... 0'9189 „ 

8 „ .... 0-9671 

4 . 1-0426 

So that the difference between the focal distances of the images of an 
object at such distance that the rays are parallel, and of one at the dis¬ 
tance of 4 inches, was only 0-143 of an inch. On this calculation the 
change in the distance of the retina from the lens required for vision at 
all distances, supposing the cornea and lens to maintain the same form, 
would not be more than about one line, which might be effected either 
by elongation of the eye, or by a change in the position of the lens. 
Dr. Young estimated the necessary change at ^th of the length of the 
axis of the eye. 

It will be conceived that the same object might be attained, without 
any alteration in the distance of the lens from the retina, by a change in 
the convexity either of the cornea or lens. 

Gibers has also calculated the amount of change in the convexity of 
the cornea which would be required for distinct vision at different dis¬ 
tances. The radius of the convexity of the cornea for vision at certain 
distances, taken for the sake of examples, would be as follows: 

Distance of the object. Radius of the cornea. 

Infinite ..... 0.333 of an inch 

27 inches ..... 0.321 “ 

20 “ ..... 0.303 “ 

5 “ . 0.273 " 

If the radius of the cornea were capable of modification between 0.333 
and 0.300 of an inch, and the long axis of the eye capable of being 
lengthened the extent of half a line, distinct vision at all distances be¬ 
yond four lines would be provided for. These results may serve as the 
basis of the following inquiry. 

The absolute necessity of such internal changes in the eye to adapt 
it for distinct vision at different distances appears a matter of certainty. 
Nevertheless, some physiologists—as, De La Hire, and Haller, and more 
recently Magendie, Simonoff, {Journ. de Physiol, iv. p. 260,) and Tre- 
viranus,t—have called in question the capability of the eye to undergo 
such internal changes: most cultivators of physics and physiology, how¬ 
ever, regard the reality of these changes of adaptation as proved by 
certain facts. Magendie founds his skepticism on the observation that 

* See his excellent treatise, De Internis Oculi Mutationibus. Gott. 1780. 

f Beitrage zur Anat. u. Physiol, der Sinneswerkzeuge, 1828; and his Beitrage zur 
Aufklarung der Erschein. u. Gesetze des Organisch. Lebens. 1—3 Heft. 
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the image in the eye of a white rabbit does not diminish in distinctness 
when the distance of the object is altered; which is not, however, a 
constant fact. G. R. Treviraniis, from a calculation of the action of 
lenses which increase in density towards their inferior, arrived at the 
conclusion that with lenses of this structure the focal distance would 
remain the same whatever the distance of the object, and consequently 
that no adaptation of the eye for different distances is required. 

Much as we may admire the elegant manner in which Treviranus 
has treated this subject with the aid of mathematics and the laws of 
optics, yet we must confess that the results of his calculation do not 
accord with the facts observed in the eye itself. Moreover, Kohlrausch 
{Uber Treviranus* Hypothese. 1837,) controverts the accuracy of 
Treviranus’s deductions. That the eye does undergo changes to adapt 
it for distinct vision at different distances is indeed proved incontestably 
by simple and accurate experiments. They are as follows: 

1. The power which the eye possesses of accommodating itself to different dis¬ 
tances is frequently much modified in a short space of time. Not only does the con¬ 
stant use of the eye in regarding near objects induce short-sightedness in children, but 
frequently the same condition is produced as a transient state of a few hours’ duration 
by long-continued use of the microscope. Under such circumstances, the perception 
of objects at 20 feet distance in the street sometimes becomes indistinct, though, be¬ 
fore, the eyes could accommodate themselves well both to near and distant objects. 
This has frequently happened to me. The state of myopia thus induced lasts some¬ 
times several hours. 

2. If we regard with one eye only (the other being closed) the ends of two needles 
placed one before the other at different distances in the line of the axis of the eye, one 
will be seen distinctly when the other appears indistinct, and vice versa. Both the 
images lie in the axis of the eye, one over the other; and yet it depends on a voluntary 
effort, the exertion of which can be felt in the eye, whether the first or the second 
needle shall be seen distinctly. So that when with the pupil contracted, as it is for the 
vision of near objects, 1 fix my eye upon the nearest needle, the focal point of its dis¬ 
tinct image being at the central point of the retina, the more distant one, though the 
central rays only of its cone of light can enter the eye, forms, nevertheless, an indis¬ 
tinct circle of light around the same central point of the retina; that is to say, the 
central rays of the more distant object do not meet in a focus at the central point of the 
retina, but anterior to it. (Jahrb.f, Wissenschaft. Kritik. 1829. Oct. 623.) A variation 
of this experiment consists in looking at the head of a pin through a very small open¬ 
ing in a card. Here it is wholly dependent on the will whether the borders of the 
opening shall be seen distinctly, in which case the head of the pin becomes indistinct; 
or whether this should be seen distinctly, when the borders of the opening in the card 
cease to appear defined. Treviranus has not paid sufficient attention to these pheno¬ 
mena; and his explanation of them, by supposing the attention or nervous action being 
transferred from one part to another, is very unsatisfactory. The two images of the 
needles fall upon the same point of the retina, one lies over the other, and yet I see the 
nearer through the cloud-like image formed by the rays from the other more distinct 
needle, and vice versa. There is here no transferring of the attention from one point 
of the retina to another. An entire leaf covered with letters ajipears indistinct to me, 
as soon as I produce the internal change in my eye necessary for distinct vision at a 
different distance, though no object be there. 

3. Scheiner’s experiment. {Scheiner, Oculus, sive Fundamentum O'pticum .')— If two 
pin-holes be made in a card, at a less distance from each other than the diameter of the 
pupil, and if these openings be held before one eye, so that a small object can be seen 
through them, this object will appear single at one particular distance from the eye, 
but when it is at any other distance it will appear double. 

The conclusions to be deduced from this experiment have been pointed out by Por¬ 
terfield, Young, {Philos. Transact. 1801,) Purkinje, Plateau, and Volkmann, and the 
last-mentioned physiologist has varied the mode of performing it in several ways. 
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The experiment of Scheiner proves clearly the necessity of adaptation of the eye for 
distinct vision at different distances, and at the same time the incorrectness of the 
hypothesis of Treviranus, since it shows that the image of an object under certain 
circumstances falls in front of the retina, and under others behind it. An experiment 
of Beudant and Crahay has the same import. If a pin at the distance of five or six 
centimeters [2 or 2^ inches] from the eye be viewed through a pin-hole in a card, and 
the card be moved from side to side, the needle will appear to move also, but in the 
opposite direction to the card. This is explicable in accordance with the phenomena 
of indistinct vision, resulting from the image of the object falling either in front of or 
behind the retina. Thus, if the rays meet at a focus in front of the retina, they will 
diverge again after having crossed at the focal point, and will form an indistinct spec¬ 
trum upon the retina, not a definite image; and if in this case the card in its motion 
intercept a part of the decussating rays, those from one side only will reach the retina. 
Hence the apparent shifting of the image. The diffraction of the rays at the margin 
of the opening in the card, however, has also a share in the production of this pheno¬ 
menon. 

The adaptation of the eye to distinct vision at different distances may 
be attributed to changes in several different parts, namely, to movements 
of the iris, to change of place of the lens, to elongation of the axis of 
the eye, or to alteration in the convexity of the lens or cornea.* 

1. The movements of the iris have been considered the means of 
adaptation by some physiologists, amongst whom are Mile and Pouillet; 
Professor Mile supposed it to be effected by the inflexion or diffraction 
of the light at the margin of the pupil, by which the focal distance for 
the respective rays would be rendered very different. M. Pouillet 
thought the image would be formed by the central or by the peripheral 
rays, according as the pupil was contracted or dilated. 

2. Elongation and shortening of the axis of the lens were regarded 
by Dr. Young as the means of accommodalion. J. Hunter and Dr. 
Young ascribed to the lens a contractile power inherent in itself. {Philos. 
Transact. 1794.) 

3. Change in the convexity of the cornea was the explanation adopt¬ 
ed by Sir E. Home, Englefield, and Ramsden: this change was supposed 
by Sir E. Home to be effected by the action of the proper muscles of 
the eye; or, in birds, by the peculiar muscle, discovered by Sir P. 
Crampton, ( Thomson’s Annals of Philosophy^ vol. i. 1813, p. 170,) at 
the inner surface of the margin of the cornea. 

4. The movement of the lens by means of the ciliary processes, or 
the zonula ciliaris, was assumed as the cause by Kepler, Scheiner, Por¬ 
terfield, Camper, and many others. 

5. Lastly, the influence of the muscles upon the form of the eye has 
been regarded as the cause of the internal change of adjustment by 
many writers, as Rohault, Bayle, Gibers, Home, and Schroeder van der 
Kolk, some of whom ascribe the influence in question to the m. recti, 
others to the m. obliqui. 

That a connection exists between the movements of the iris and the 
action of the eye, by which it accommodates itself to vision at different 
distances, cannot be denied; for, when distant objects are viewed, the 
pupil becomes dilated, when near objects, contracted: and, notwith- 

* A full account of all the hypotheses relative to this subject is given by Haller, 
• Element. Physiol, t. v. L. xvi. Sect. 4. § 20; by Olbers, loc. cit.; and by Treviranus 
in his Biologie, Bd. vi. p. 512. 
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Standing the continued presence of a strong light, as of a lamp held 
before the eye, the size of the pupil may be very much modified at 
will by looking at objects at different distances; in doing which we 
cause the axes of the eye to converge while we regard the near object, 
and, on the contrary, give them a more parallel direction while a very 
distant object is the subject of our vision. These changes in the state 
of the iris are, however, merely associate movements, consequent on 
the nervus motorius oculi exerting an influence upon the ciliary or 
lenticular ganglion and the ciliary nerves, while it excites the action of 
the muscles of the eye-ball. Contraction of the iris always ensues as a 
result of associate or consentient nervous action, when even one eye only 
(the other being closed) is turned inwards, or inwards and upwards, 
and is in this way associated with the voluntary action of several mus¬ 
cles supplied by the third or motor oculi nerve. In these phenomena, 
therefore, we can recognise no immediate connection between the 
motions of the iris, and the power of the eye to accommodate itself to 
different distances. But it remains to inquire how far distinct vision at 
different distances can be explained by these movements of the iris. 

a. Mile [Magendie^s Journal de Physiol, vi. p. 166 ,) finds an expla¬ 
nation of the accommodating faculty of the eye in the motions of the 
iris, and the inflexion of the rays of light by its margin. The defect of 
this theory is, as pointed out by Treviranus and Volkmann, that it sup¬ 
poses a small proportion only of the rays to be employed in the forma¬ 
tion of the image,—those, namely, which pass close to the margin of the 
iris,—while the greater mass of the light is not taken into account; and 
morever that the foci resulting from the meeting of the rays at other 
points are not noticed. 

b. Pouillet’s theory is based, not upon the inflexion of the rays by 
the margin of the iris, but upon the diferent focal distance of the central 
and peripheral rays; the first of which, being refracted by the central 
denser portion of the crystalline lens, are, he supposed, brought to a 
focus sooner than the latter, which pass through its marginal portion. 
The objection to the theory of Pouillet arises, that while the eye is 
fixed upon the more distant object and the pupil dilated, the central 
rays, notwithstanding the distinctness of the image formed by the peri¬ 
pheral rays, cannot be wholly without effect; and, if this be the case, 
the cause of distinct vision at different distances cannot be what Pouillet 
states. 

c. This objection is of equal force against the view proposed by Tre¬ 
viranus, who admitted the change in the size of the pupil to be a cause, 
contributing with the varying density of the lens to effect the accommo¬ 
dation of the eye. 

To all hypotheses which regard the accommodation of the eye to dis¬ 
tances as a direct effect of the motions of the iris, we may, lastly, object 
with Volkmann, that any change in the size of the pupil produced by 
variation of the light ought, in that case, to disturb the state of adapta¬ 
tion of the eye: which is not in accordance with facts. 

The hypothesis that the adjustment of the eye is effected by a change 
of the convexity of the cornea, appears to be sufficiently refuted by the 
calculations of Olbers; for the compression of the eye by the action of 
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its muscles is not capable of producing changes in the length of the 
radius of the surface of the cornea to the extent of 0-273 or 0-333 of an 
inch. 

Home and Ramsden maintained, it is true, that they had observed such changes in 
the living eye during the vision of near and distant objects; but Dr. Young w-as unable 
to verify this observation, and it would be impossible to determine the reality of such 
a change accurately by experiment, on account of tlie mobility of the eye. The best 
means of ascertaining this fact would be to observe whether small images reflected 
by the cornea, such as the image of a light window, change their size and position 
while the eye is adapting itself to the perception of point-like objects situated at dif¬ 
ferent distances in the same line. 

The view which attributes the adjustment of the eye to the alteration of its form by 
the action of the external muscles, is also not free from objections. The phenomena 
of vision at different distances are certainly explicable on such a view; but that does 
not prove its correctness, for there are many different ways in which these phenomena 
might possibly be produced. The action of the straight muscles can, as Treviranus 
remarks, scarcely be conceived capable of producing elongation of the axis of the eye 
in the manner Gibers supposes. He imagines, namely, that by the action of these 
muscles the vitreous humour is compressed, and made to extend itself anteriorly and 
posteriorly. But the tendency of the straight muscles is merely to retract the eye, 
and, if resistance were afforded by the cushion of fat behind it, to flatten rather than 
elongate it; their action would therefore have the effect of adapting the eye to the 
vision of distant objects only, the image of which is formed nearer the lens than that 
of near objects; while it is in looking at very near objects, on the contrary, that we 
are conscious of an effort within the orbit. The compression and elongation of the 
eye might much more easily be effected by the oblique muscles; and Le Cameus, 
Rohaull, and Schroeder van cler Kolk have thus explained the accommodation of the 
eye. This view is in accordance with the circumstance that in the vision of near 
objects the axes of the eyes necessarily converge, to which movement the oblique 
muscles would contribute, as Luchtman has very ingeniously shown.* But this, as 
well as every other theory which attributes the adaptation of vision to distance to the 
action of the muscles of the eye, is open to objections. The state of adaptation of the 
eye can be entirely changed in a very short space of time by the local action of nar¬ 
cotics, the pupil becoming at the same lime much dilated. 

If the hypotheses already considered be rejected, there will still 
remain those which place the means of accommodation to distances in 
the interior of the eye,—namely, in a change of position or form of the 
lens by the action of the ciliary processes, or zonula. Although these 
latter hypotheses cannot be directly refuted, they are equally incapable 
of proof; and such, in fact, is the state of the question generally; the 
phenomena may be explained in very different ways, but no one expla¬ 
nation can be proved to be more correct than another. Under these 
circumstances it will be more judicious to direct attention to some im¬ 
portant facts, which are not taken cognizance of in any of the views 
above mentioned, and which, though they do not disclose to us the 
cause of the self-adjusting faculty of the eye, show its intimate connection 
with other phenomena. The inquires which I instituted in tlie year 
1826 relative to double and single vision, led me to notice the con¬ 
nection which subsists between the changes of adaptation to distances 
and the movements of the eye-balls themselves, by which their axes 
are altered in direction; a connection as intimate as that between the 
changes of adaptation and the movements of the iris, or that between 
the movements of the iris and the movements of the axes of the eyes. 

• Luchtman, De mutatione axis oculi secundum diversam distantiam objecli.—Trajecti 
ad Rh. 1832. 
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Nearly all the writers who have treated of the accommodation of the 
eye to distances, have overlooked this important circumstance. Porter¬ 
field was, as Volkmann shows, the only one of the older physiologists 
acquainted with these phenomena. 

From various facts on this subject it appears that change in the incli¬ 
nation of the axes of the eyes towards each other induces a change in 
the refractive power of the eye, by which this organ is accommodated 
to the distance of the object, even when one eye only, which is closed, 
alters its inclination towards the other, which is open. The same is 
the case with the motions of the iris: if one eye be fixed upon a given 
point, and the other eye closed, when the latter is moved, the size of 
the pupil even of the open eye undergoes a change proportionate to the 
degree of convergence of the two axes of vision, giving the appearance 
of a voluntary influence over the motions of the pupil (see pages 534-5). 
The movement of the iris simultaneously with that of the axes of the 
eyes we have regarded as an associate or consensual movement, since 
it is observed to occur only when muscles supplied by the third or motor 
oculi nerve are in action, and that nerve is known to be the motor nerve 
of the iris, to which it sends filaments through the medium of the ciliary 
ganglion. In the same way the adjustment of the eye to vision at 
different distances may be an associate movement connected with the 
action of the muscles which draw the eye-ball inwards, and dependent 
either on an organic connexion in the nervous system, or on the inffu- 
ence of habit. The associate movement of the iris with the eye-balls 
can scarcely, however, be the result of habit. 

A slight inffuence upon the adaptation of the refractive power of the 
eye can be ascertained by the will, without the direction of the axes of 
the eyes being necessarily changed; and this circumstance is itself a 
proof that the connection between the two is not essential, and that the 
one is not the constant cause of the other. 

When the perception of an object is voluntarily rendered indis¬ 
tinct without the direction of the axes of vision being changed, the iris 
performs the usual motions, dilating when the eye is adapted for more 
distant vision, and vice versd. This is an example of nearly perfect 
voluntary motion of the iris, inasmuch as here tlie motion is, at all events, 
not associated with any voluntary movement of the eye itself inwards 
and upwards. {Muller’s Jlrchiv. 1837, p. cl.) 

We perceive in this fact, as in all the phenomena previously de¬ 
scribed, the existence of an intimate connection between the motions of 
the iris and the power of modifying the refractive action of the eye; 
but, nevertheless, we are not justified in ascribing to the motion of the 
iris even an indirect influence on the refractive power. It has been 
supposed that the motion of the iris may have an influence upon the 
ciliary body or processes, and through their medium upon the position 
of the lens, by virtue of the firm connection of the ciliary body with 
the outer circumference of the posterior surface of the iris. This hypo¬ 
thesis, however, is easily refuted; for the movements of the iris may be 
excited by the stimulus of light independently of the will, and the same 
object appears to us equally distinct, whether it be illuminated with a 
bright light, when the pupil will be proportionally contracted, or the eye 
62 
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screened from the action of light, when the pupil will be dilated. (Com¬ 
pare Volkmann, loc. cit. p. 156.) It appears, therefore, must probable 
that the faculty of the eye which enables it to adjust itself to different 
distances depends on an organ which has certainly a tendency to act 
by consent with the iris, but yet is in a certain degree independent of 
it. Reasoning per exclusionem, it is certainly most probable that the 
ciliary body has this motor power, and this influence on the position of 
the lens, but we have no positive proof of its possessing contractility. 

The self-adjusting faculty of the eye is, according to the observations 
both of Dr. Young and Volkmann, impaired by the extraction of the 
lens in the operation for cataract. 

Y. OF MYOPIA AND PRESBYOPIA, OP THE MEANS OP REMEDYING THESE 
DEFECTS OP VISION, AND OP THE USE OP GLASSES. 

^^Myopia,’’ near-sight; and Preshyopia^^ farsight.—Spectacles 
and Optometers .—Many persons have not the power of accommodating 
their eye to vision at different distances, or have in it so slight a degree 
as to distinguish objects at a certain distance only; such persons are 
said to be either short-sighted or long-sighted. To individuals in this 
condition it is, of course, impossible to prove that the eye has the 
faculty of adjustment to distance; and this may have been the cause of 
the skepticism of Treviranus and others. Near-sightedness is most 
frequently observed in the middle period of life. Long-sightedness is 
more common in old age. The cause of these defects of vision is very 
often supposed to lie in the refracting media of the eye, as in the form 
of the cornea; and the cornea is, in fact, less convex in old age than in 
youth; but the convexity of the cornea is greatest in childhood, and, 
nevertheless, as Volkmann remarks, children are not frequently sub¬ 
jects of “ near-sight.’^ Myopia and presbyopia may with more reason 
be attributed, as regards their immediate cause, to want of the power 
of adjustment, or to great feebleness of this muscular act. With such a 
condition the eye would necessarily see objects distinctly at that dis¬ 
tance only to which the form of its refractive media is best adapted. A 
strong proof of imperfection, or loss, of the power of adjustment being 
the cause of myopia, and presbyopia, is the circumstance that short¬ 
sightedness may be acquired merely by habitually using the eye for the 
perception of near objects only, and neglecting distant vision. Thus, 
children become short-sighted from accustoming themselves to read or 
write with the face too close to the paper. The constant use of the 
microscope may give rise to short-sightedness, and often does induce it 
as a transient condition lasting a few hours. The wearing of spectacles 
also is injurious in this respect, since they disuse the eye to self-adjust¬ 
ment for distinct vision at different distances. 

We may, in a few words, explain the action of spectacles in aiding 
vision in persons labouring under myopia and presbyopia. The pres¬ 
byopic, or long-sighted eye, is aided by a convex glass; the myopic, or 
short-sighted, by a concave glass. In the long-sighted eye, rays from 
distant objects are brought to a focus upon the retina; but the rays 
from objects less distant, or very close to the eye, not being made to 
converge so rapidly, meet behind the retina. A convex glass corrects 
this defect by causing the rays emitted by near objects to intersect each 
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Other at a point nearer the lens,—namely, in the retina itself. In the 
short-sighted eye the reverse condition subsists. The rays from near 
objects here meet in the retina, and produce a distinct image; but the 
rays of distant objects, which are more easily brought to a focus than 
those of near objects, meet before the retina, and form undefined spectra 
upon it. The concave glass corrects this by causing the rays to become 
more divergent, and therefore less readily concentrated by the eye to a 
focus, which is thus made to fall upon the retina. 

The use of the optometer to determine the mean distance of vision 
for which the eye of any individual is adapted, is founded upon the expe¬ 
riment of Scheiner, mentioned at a preceding page. It consists in ascer¬ 
taining the distance from the eye at which a small object viewed with 
one eye through two openings in a card, separated by a less distance 
than the diameter of the pupil, appears single; or the distance from the 
eye at which the double images of a thread, viewed without effort 
through two openings in a card, cross each other or unite to one image. 
—(Young’s Optometer.) The distance thus ascertained is the mean 
length of vision of the eye. Before and behind this, an object viewed 
through the two openings in the card appears double; that is to say, its 
image falls either before or behind the retina. The application, how¬ 
ever, of this method is always very imperfect, on account of the diffrac¬ 
tion of the rays at the margins of the small openings in the card. 

Influence of convex lenses upon the distance of distinct vision .—We have next to con¬ 
sider the action of glasses which increase the size of the image by altering the 
distance of distinct vision. The simplest kind of glass which has this effect is the 
common lens, or simple microscope. If a small object be brought very near the eye, 
it appears very large, but is wholly indistinct, because the point towards which the 
rays from it are made to converge lies behind the retina. The action of a lens inter¬ 
posed between the object and the eye is to shorten the focal distance of the image. If 
the lens be properly placed, so that the image falls upon the retina, all the details of 
its form are seen distinctly, while it appears of the same magnitude as when held close 
to the eye without the lens. In this case the increase of size is the result of the close 
approximation of the object; and the lens merely gives distinctness, which the image 
of so near an object would not otherwise have. In the telescope and compound micro¬ 
scope the image is formed, not in the eye itself, but in front of it. The rays meeting 
to form the image, not being received there by any opaque surface, diverge again from 
this point, in the same way as if the object from which they originally radiated were 
there situated. On this condition depend both the increase of size and the distinctness 
of the image in the eye; for an image near the eye is seen under a greater angle than 
the more distant object. And if the image occupies the situation of distinct vision at 
eight inches, it is not only increased in size, but has the distinctness of objects gene¬ 
rally viewed with the naked eye at that distance. Telescopes serve to increase in 
size, and render distinct, the image of very distant objects; microscopes to enlarge, 
and render distinct, the image of near objects. The number of glasses employed in 
these instruments is very various. A second glass, placed behind the first, may either 
modify the image and its situation, or, if the image is already formed by the first glass 
before the rays traverse the second, this image stands in the relation of an object to 
the second glass. The image formed by the second glass may be still further modi¬ 
fied by a third glass, or may become an object to it. The glass which receives the 
rays of light directly from the object itself is called the “object glass;” the glass next 
to the eye is the “eye-piece,” or “ ocular.” In the microscope, the image formed by 
one or more lenses is viewed by means of the ocular, just as an object is viewed witli 
a simple lens. The brightness of the image depends on the quantity of light which 
the object-glass receives from the object, or which, in the microscope, is thrown by 
artificial illumination upon the object. According as the quantity of light which goes 
to form the image in the telescope or microscope is greater or less than that which the 
naked eye receives from the object, will the image of the object be more or less vivid 
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than when seen without the instrument. The image of objects viewed with the tele¬ 
scope is brighter than the object appears when viewed with the naked eye; because 
the object-glass of the telescope receives from the object, and applies to the formation 
of the image, more light than the pupil of the naked eye can admit. 

VI. OP THE CHROMATIC AND ACHROMATIC PROPERTIES OP THE EYE.* 

a. Chromatic lenses. —Although the rays from a luminous object are 
by the refractive power of a lens concentrated so as to form a distinct 
image upon any surface, when spherical aberration is avoided, yet the 
image is not perfect unless the rays of light are homogeneous, that is, 
of one simple colour; for, even though spherical aberration be avoided, 
it is quite impossible, without further means, to bring the heterogeneous 
rays of white or mixed light to one focal point, since the different- 
coloured rays of white light have different degrees of refrangibility, 
and, therefore, with the same refracting medium have a different focal 
distance. 

The image formed by a convex lens is at the proper focus very 
slightly coloured: the outline of a white image received upon a dark 
ground has merely a margin of purple, which is scarcely perceptible; 
but, in proportion as the surface which receives the image is moved 
from the focal point, the more marked becomes the fringe of colours, in 
addition to the increasing indistinctness of the image formed by the 
white light itself. (See Kunzek., Die Lehre vom Lichte, p. 157; and 
Tourtual, loc. cit.) 

b. Achromatic lenses. —The dispersion of the coloured rays by a 
prism is counteracted by a second prism of the same refractive and the 
same dispersive power. Two prisms conjoined form a refracting me¬ 
dium with parallel surfaces, from which the rays of light transmitted 
through it will issue at the same angle as they entered, just as in 
passing through a plane plate of glass. Dollond, however, discovered 
that the dispersive power of media is not always proportionate to their 
refractive power; and that there are media which have a strong re¬ 
fractive action on light, but little dispersive influence. Flint-glass 
refracts light more strongly than crown-glass, but its excess of dis¬ 
persive power is still greater. This led to the construction of achro¬ 
matic prisms by the combination of prisms of unequal refractive and 
dispersive power. 

c. Achromatic property of the eye. —The human eye is achromatic 
as long as the image is received at its focal distance upon the retina, or 
as long as the eye adapts itself to the different distances of objects. 
The cause of this achromatic property cannot with certainty be deter¬ 
mined, although it is easy to show that the optical structure of the eye 
may very possibly give this property. The refractive media of the eye 
are of unequal refractive power, both as regards their convexities and 
their chemical constitution. The lens has two unequally convex sur¬ 
faces, and the cornea and aqueous humour form a refracting medium 
of unequal chemical constitution. The cornea and aqueous humour 
taken together form a concavo-convex lens, the refractive power of 
which is different from that of the crystalline lens. The dispersive 

* J. Muller, Physiol, des Gesichts-sinnes, pp. 295, 414.—Tourtual, Die Chromasie 
des Auges; Meckel’s Archiv. 1830, p. 129. 
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power of these two refracting media may perhaps be disproportionate 
to their refractive power, and this may the source of the achromatic 
property of the eye. 

d. Chromatic property of the eye .—It is an error to regard the 
human eye as perfectly achromatic. Whenever the image does not 
fall at its proper focal distance upon the retina, a more or less distinct 
appearance of colours is produced. The dioptric fringes of colours pro¬ 
duced in our eye by its refractive media, and capable of being excited 
to a certain extent at will, appear to have been first observed by 
Scheiner, The following are the results of my own observations: 

1. If we look upon a white space on a black ground with one eye, adapting the 
refractive power of the eye to a more distant point than the object, the latter—that is, 
the white spot—will appear indistinct, and as if surrounded with a delicate and nar¬ 
row fringe of colours passing from the white to the black ground through violet, 
blue, yellow, and red. Generally the blue and yellow have alone any degree of 
distinctness. 

2. If we look upon the same object, and then adapt the refractive power of our eye 
to the perception of an imaginary object nearer to the eye, the coloured fringe of the 
image will present the same succession of colours—red, yellow, blue, and violet, but 
in the reverse order; the violet and blue are now nearer to the black, and the red and 
yellow next to the white. 

When the vision of an object is rendered indistinct while both eyes are open, 
and two images are consequently seen, the colours in the surrounding fringes 
have the same arrangement as in the first case just described, if the axes of the 
eyes are made to converge to a point behind the object; while their order of suc¬ 
cession is reversed as in the second case, if the axes of the eyes meet in front of 
the object. 

The frames of the window also appeared fringed with very vivid colours when we 
gaze at distant objects through it; or if, while looking at the window, we fix our eyes 
upon a nearer object, as the finger held before them. 

Many persons complain of seeing coloured fringes while their power 
of vision is otherwise perfect,—when there is no tendency to morbid 
changes in the retina, or to ariiblyopia or amaurosis. We have an in¬ 
stance of this phenomenon also in the red borders which surround the 
letters of print, when the adjusting power of the eyes is paralysed as a 
consequence of passion, of mental exertion, or inclination to sleep, &c. 
The coloured fringes are very evident also when the faculty of the eye 
to accommodate itself to distinct vision at different distances is suspended 
by the action of belladonna. (See my work, Zur Physiol, des Gesichts- 
sinnes.) 

The dioptric fringes of colours arising from refraction within the eye 
must not be confounded with the real coloured halos of luminous objects. 


CHAPTER II. 

OP THE ACTION OP THE RETINA, OPTIC NERVE, AND SENSORIUM IN 

VISION. 

All the phenomena investigated in the preceding chapter are expli¬ 
cable by reference to the structure of the eye as an optical instrument, 
—that is, by the form and arrangement of the transparent media in 
front of the retina. There are a great number of other phenomena, 
however, of which the structure of these parts aflbrds no explanation, 
b ut which are the results of vital properties of the retina, and of the 
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co-operation of the sensoriuni in the act of vision. To these belong not 
merely the act of sensation itself, and the perception of the changes 
produced in the retina, as light and colours, but also the conversion of 
the mere images depicted in the retina into ideas of an extended field 
of vision,—of proximity and distance,—of the solidity (in the geome¬ 
trical sense) and size of objects. To this class of phenomena belong 
also the effects of the reciprocal action of different parts of the sensitive 
apparatus on each other, and many phenomena in the retina either not 
excited by light at all, or not by its immediate action. These different 
phenomena might be treated of under the following heads: 1. Of the 
action of the retina generally, and of the co-operation of the sensorium 
in vision. 2. Of ocular spectra. 3. Of the reciprocal influence of dif¬ 
ferent parts of the retina upon each other. 4. Of the simultaneous 
action of the two eyes. 5. Of the subjective phenomena of vision. 

1. Of the action of the retina generally considered, and of the co-operation 
of the sensorium in vision. 

Action of the retina and sensorium .—It has been shown already, in the Preliminary 
considerations on the Physiology of the Senses, that the retina is not.a mere conduc¬ 
tor of external impressions, but itself reacts against these impressions. Light and 
colour are actions of the retina, and of its nervous prolongations to the brain. The 
kind of colour and luminous image perceived depends on the kind of external impres¬ 
sion. With'this property of the retina, by virtue of which it becomes when irritated 
the seat of the sensations of colour and light we are so well acquainted, that we found 
upon it all inquiries concerning vision. The vibrations of a fluid existing in all space, 
the ether, when of a certain rapidity, produce in the retina the sensation of a certain 
colour; when of a different degree of rapidity, that of another colour; these colours 
or sensations being modes of reaction of the retina. The simultaneous impression of 
undulations of different rapidity upon the same points of the retina excites the sensa¬ 
tion of white light. These same sensations of colours and light may, however, be 
produced, without the agency of the vibrations of an ether, by mere irritation of the 
retina by means of electricity or mechanical pressure. 

If it be the change produced in the retina which we perceive in vision, we may with 
equal correctness say that in the act of vision the retina feels itself in a particular 
state, or that the sensorium perceives the retina in a particular condition. The condi¬ 
tion of repose of the retina is the cause of the appearance of darkness before the 
eyes; the active state of the retina is the cause of the sensation of the illuminated 
field of vision. Under certain circumstances we see our own retina, and separate 
parts of it, when no images are produced in it by external objects. Besides the spec¬ 
tra produced by pressure and electricity, we have an instance of this in the following 
interesting phenomenon first observed by Purkinje:—If, in a room otherv/ise dark, a 
lighted candle be moved to and fro, or in a circle, at the distance of six inches before 
the eyes, we perceive, after a short time, a dark arborescent figure ramifying over the 
whole field of vision; this appearance is produced by the vasa centralia distributed 
over the retina, or by the parts of the retina covered by those vessels. There are, 
properly speaking, two arborescent figures, the trunks of which are not coincident, but 
on the contrary arise in the right and left divisions of the field, and immediately take 
opposite directions. One trunk belongs to each eye, but their branches intersect each 
other in the common field of vision. The explanation of this phenomenon is as 
follows:—By the movement of the candle to and fro, the light is made to act on the 
whole extent of the retina, and all parts of the membrane which are not immediately 
covered by the vasa centralia are feebly illuminated; those parts, on the contrary, 
which are covered by those vessels cannot be acted on by the light, and are perceived, 
therefore, as dark arborescent figures. In most persons this experiment succeeds 
readily; but in some individuals the phenomenon is produced with difficulty, or not at 
all. The figures of the vessels appear to lie before the eyes, and to be suspended in 
the field of vision. We have here a distinct demonstration of the axiom, that in vision 
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we perceive merely certain states of the retina, and that the retina is itself the field of 
vision,—dark in the unexcited, illuminated in the excited condition. 

One of the most difficult problems in physiolog-y is that relative to the respective 
influence of the retina and sensorium in vision. This department of the physiology 
of the senses may be correctly styled the metaphysical, since we are at the present 
time totally destitute of any empirical means of elucidating it. The question to be 
determined is the following:—Where is the state of the retina perceived; in the retina 
itself, or in the brain? 

Jdea/ size of the field of vision. —The actual size of the field of vision depends on the 
extent of the retina, for only so many images can be seen at any one time as can oc¬ 
cupy the retina at the same time; and thus considered the retina, of which the affec¬ 
tions are perceived by the sensorium, is itself the field of vision. But to the mind of 
the individual the size of the field of vision has no determinate limits; sometimes it 
appears very small, at another time very large; for the mind projects the images on 
the retina towards the exterior, the cause of which will be explained hereafter. Hence 
the mental field of vision is very small when the sphere of the action of the mind is 
limited by impediments near the eye; on the contrary, it is very extensive when the 
projection of the images on the retina towards the exterior by the influence of the mind 
IS not impeded. The mental field of vision is very small when we look into a hollow 
body of small capacity held before the eyes; it is large when we lookout upon a land¬ 
scape through a small opening; it is more extensive when we look at the landscape 
through a window; and most so when our view is unconfined by any near object. In 
all these cases the idea which we receive of the size of the field of vision is very dif¬ 
ferent, and, nevertheless, its absolute size is in all the same, it being dependent on the 
extent of the retina; for, as was before said, we cannot see at one time more than the 
extent of the retina is capable of containing. Nevertheless, although in looking upon 
a landscape through an opening, the whole image of the scene is not larger than the 
circumference of the opening through which it is viewed, and occupies the same space 
upon the retina; yet the idea conceived of it is extremely different. Hence it follows 
that the mind is constantly co-operating in the acts of vision, so that at last it becomes 
difficult to say what belongs to mere sensation, and what to the influence of the mind. 
In adult age it would only be by abstracting the action of the mind from the process 
of vision that we could obtain the mere sensation of vision, as it is perceived possibly 
in the new-born child; for the child which has as yet no idea of proximity and dis¬ 
tance, would necessarily recognise no difference in the_size of the field of vision, 
whether it looked into a tube closed at one end, or through an open one upon an ex¬ 
tensive landscape. This consideration leads us also to the conclusion, that the simple 
perception of the images of objects must be an original faculty, quite independent of 
the ideas derived from them. 

Images of the individual’s own body in the field of vision. —Certain parts of our body 
nearly constantly occupy a part of the field of vision, and therefore have a share in the 
ideas which the sensations of vision excite in the mind. When we look with one eye 
only, one side of the field of vision is occupied by the image of one side of the nose. 
If we depress the eye-brows, the upper part of the field of vision becomes occupied 
by them. If the cheek be raised, a part of it is seen at the lower part; and if the outer 
portion of the orbicularis palpebrarum muscle be contracted, a shadow thrown by the 
investments of the eye is seen at the outer part of the field of vision. 

Although the images of our body perceived by the sense of vision are merely images 
depicted on the retina, and by it communicated to the sensorium, they are confidently 
interpreted, like the images of external bodies, as real objects. The image of our 
hand, which we see, is not, in point of fact, our hand, but only its representation in 
the retina. When we grasp any object, the movement is represented in the retina: 
we see that we grasp the object, for the image of our hand is seen to grasp the image 
of the object. We are also made acquainted with the performanceof the act by means 
of another sense, namely, by sense of touch in the hand, and the sense of movement 
in it. It appears an extraordinary circumstance that, although the perception of any 
part of our body by the sense of common feeling or touch, and by the sense of vision, 
takes place in such different localities, the two sensations never interfere with each 
other; they are brought into harmony and unison through the influence of the mind. 
That this is the case we can render evident to ourselves by an example in which the 
difference of locality is still more striking, and where nevertheless the two sensations 
are by the power of the mind not less closely brought into unison. 
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If while we look at our image in a mirror we move oiir hands, we are informed of 
those movements, as well by the sense of feeling as by the image in the mirror; and, 
although the seat of impressions on the senses of touch and sight is so different, we 
derive from them through our mental agency but one harmonious idea. 

Inverted images and erect vision. —In accordance with the laws of 
optics, the images are depicted on the retina in an inverted position as 
regards the objects themselves; what in the object is above, is in the 
image represented below, and vice versd; the right side of the object is 
to the left, and the left side to the right; while the relative position of 
its different parts remains precisely the same. The question now arises, 
whether we really see the images inverted, as they are in the retina; or 
erect, as in the object itself. Since the image, and the affected parts of 
the retina, mean the same thing, the question physiologically expressed 
is this: Are the minute divisions of the retina affected in vision perceived 
by the sensorium in their natural relation to the object? 

The view which I take of the question, and which I proposed in my 
work on the physiology of vision, is,4hat even if we do see objects 
reversed, the only proof we can possibly have of it is that afforded by 
the study of the laws of optics; and that, if everything is seen reversed, 
the relative position of the objects of course remains unchanged. It is 
the same thing as the daily inversion of objects consequent on the revo¬ 
lution of the entire earth, which we know only by observing the posi¬ 
tion of the stars; and yet it is certain that, within twenty-four hours, 
that which was below in relation to the stars, comes to be above. 
Hence it is, also, that no discordance arises between the sensations of 
inverted vision and those of touch, which perceives everything in its 
erect position; for the images of all objects, even of our own limbs, in 
the retina, are equally inverted, and therefore maintain the same relative 
position. Even the image of our hand, while used in touch, is seen 
inverted. The position in which we see objects, we call therefore the 
erect position. A mere lateral inversion of our body in a mirror, where 
the right hand occupies the left of the image, is indeed scarcely re¬ 
marked; and there is but little discordance between the sensations 
acquired by touch in regulating our movements by the image in the 
mirror, and those of sight, as, for example, in tying a knot in the cravat. 
There is some want of harmony here, on account of the inversion being 
only lateral, and not complete in all directions. 

Volkmann agrees with this view of the question. He also argues 
that no explanation of erect vision is required, as long as all things 
equally, and not some objects only, appear to the eye inverted. Nothing 
can be inverted where nothing is erect; for each idea exists only in an¬ 
tithesis to the other. 

Of the subjective'^ phenomena of vision.^ 

If we exclude from consideration those phenomena affording evidence 
of action of the retina, which are in some way dependent on the influ¬ 
ence of the external light, such as the “ ocular spectra,^’ and the phe¬ 
nomena of double vision and the radiation of sensation in the retina, 

* Purkinje, Beobachtungen und Versuche zur Physiologic derSinne; i. Prag. 1823; 
ii. Berlin, 1825. 
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there still remain many others which are dependent on causes of a very 
different nature. The most remarkable of these phenomena, for a 
knowledge of which we are principally indebted to Purkinje, are the 
following:— 

•Appearances produced by pressure on the retina. —The luminous 
appearances produced by pressing with the fingers upon the eye (named 
by Purkinje “ Druckfiguren”) vary in form; they are sometimes annular, 
sometimes star-like, and sometimes regularly divided into squares; 
whence Purkinje compared them to the figures produced by sonorous 
vibrations. When a plate of glass covered with water is struck with 
the bow of a violin, the plate not only divides into vibrating segments, 
and parts which remain at rest, but the water upon the vibrating parts 
of the glass presents a most regular distribution into rhombic figures or 
stationary waves. The figure in the eye calls to mind the appearance 
of decussating waves. 

The vascular figuref described at page 738, is sometimes seen loith 
a luminous character. —It was sometimes seen thus by Purkinje as the 
effect of pressure, particularly in the morning; and I have frequently 
seen this luminous ramified figure in the dark field of vision, when, after 
ascending a flight of stairs, I have found myself suddenly in a dark 
place, and also when I have suddenly immersed my head in bathing. 
The luminons appearance is evidently the effect of the pressure of ves¬ 
sels filled with blood upon the retina. 

Luminous appearance produced by the arterial pulse. —When the 
head is congested with blood, it is easy to perceive that each beat of the 
pulse is attended by a change in the degree of light perceived by the 
eyes, by a pulsating illumination of the field of vision. This pheno¬ 
menon is very easy to observe. Some few times I have seen a similar 
change in the field of vision, or a rhythmic appearance of a small bright 
spot, in the middle of the dark field of vision, isochronous with the re¬ 
spiration and the corresponding movement of the brain; but this phe¬ 
nomenon cannot be excited at will, and has presented itself to me only 
a few times. 

Visible movement of the blood. —There are many circumstances 
under which a general expression of the circulation is perceptible. It is 
seen, however, more particularly in looking at surfaces which are bright¬ 
ly illuminated, but not to a dazzling degree, as the sky; or after fixing 
the eyes for some time upon a surface of snow or white paper. The 
appearance consists in an indistinct confused movement, as of points 
crossing each other in all directions, or like the motion of vapours. 
The appearance is so undefined, that the direction of the movement 
cannot be determined. It evidently is due to the motion of the blood. 
Of the same nature is the much more definite appearance of dark bodies 
with tails, flying and moving about in all directions, which is seen some¬ 
times by persons suffering under plethora, or congestion of blood in the 
head, on rising suddenly from the stooping posture. The sensation of 
ants creeping over the surface is an analogous affection of the nerves of 
common sensation or touch. 

Luminous circles seen in the dark field of vision on a sudden late¬ 
ral movement of the eyes. —This appearance is a constant result of 
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suddenly turning the eyes to either side when in the dark. Two circles 
of light are always seen; they must therefore be produced by an affec¬ 
tion of the retinae at two different “ non-identical” points,—perhaps, at 
the situation of the entrance of the optic nerve into each eye. 

Appearances produced in the eye by electricity. —These phenomena have 
been investigated by Ritter, Purkinje, and Hjort. If the eye be made 
to form part of a galvanic circle,—one pole, for example, being applied 
to the conjunctiva of each eye-lid,—an appearance like a flash of light¬ 
ning will be perceived when the circle is either closed or interrupted. 
The same thing takes place also when, although the eye does not lie in 
the direct line of the electric current from pole to pole, the electricity is 
nevertheless in part directed towards the eye; as when one pole of the 
battery is, for instance, applied to the lower eye-lid, and the other to the 
mucous membrane of the mouth. Even a simple pair of plates of zinc 
and copper are sufficient to produce the appearance above mentioned 
in a dark room. A small battery excites more remarkable phenomena: 
according to Purkinje’s experiments, a yellowish light is seen at the zinc 
pole, a violet light at the copper pole. Under certain conditions, which 
Purkinje details, peculiar appearances are produced at determinate 
points of the field of vision corresponding to the situation of the optic 
nerve, and to the central point of the retina. 

Spontaneous appearances of light in the darkened eyes. —If we direct our 
attention to what takes place in the eyes when closed, not merely do 
we see sometimes a certain degree of illumination of the field of vision, 
but also occasionally an appearance of light developed in greater in¬ 
tensity; sometimes, indeed, this luminous appearance spreads from the 
centre to the circumference, in the form of circular waves, disappearing 
at the periphery. At other times the appearance has more the form of 
luminous clouds, nebulae, or spots; and, on rare occasions, it has been 
repeated in me with a regular rhythm. Closely connected with these 
more indefinite appearances in the eye are the more distinct forms seen 
at the time of falling asleep, or in the period that precedes this, which 
are due to the action of the mind isolating different definite forms in 
succession from the cloud-like appearances in the eye, “ the chaos of 
dreams,” according to Gruithuisen. 

Opposed to these phenomena is the transitory loss of sight, accom¬ 
panied by the appearances of a mist, coloured smoke, or similar phe¬ 
nomena, before the eyes, which sometimes occurs in persons with a 
weak nervous system, and which is a state of temporary exhaustion of 
the retina A person in perfect health may indeed induce this pheno¬ 
menon, by looking for a very long time at a white or coloured surface. 

Flickering before the eyes after taking narcotic substances. —Digi¬ 
talis is most prone to produce this symptom. Purkinje has instituted 
observations upon it in his own person. If the action of the narcotic is 
strong, definite forms appear. 

Apparent movement of objects consequent on repea ted rotation of 
the body .—This phenomenon has been already described at page 639. 
It must be distinguished with respect to its cause from the appa¬ 
rent movements seen after looking at objects really moving; which arise 
from the successive disappearance of the spectra left by the moving 
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bodies. The apparent motion produced by the former cause occurs 
even though the eyes were closed during the rotation of the body. 

Defect of the sense of colours .—Owing to an original disposition of 
the retina, many individuals have in an imperfect degree only the power 
of distinguishing colours. From numerous observations made on such 
persons, the younger Seebeck {^Poggendorf’s. dinnal. 42,) has obtained 
the following results:—Besides those persons who find difficulty in 
determining the colours of objects generally, without however mistaking 
one colour for another, there are many individuals who are in a more 
or less complete degree incapable of distinguishing perfectly dissimilar 
colours from each other. But these persons differ, again, not only in 
the degree of their defect, but also in its character. Hence Seebeck has 
divided them, smaller differences being disregarded, into two classes. 
To the first class belong those who, though differing considerably in the 
degree of their imperfection of vision, agree pretty nearly in the circum¬ 
stance of confounding the following colours:— 

1. Light orange and pure yellow. 

2. Intense orange, light yellowish green, or brownish green, and 

yellow-brown. 

3. Pure light green, grey-brown, and flesh-colour. 

4. Rose-red, green (rather blue than yellow), and grey. 

5. Crimson, dark green, and hair-brown. 

6. Bluish green and imperfect violet. 

7. Lilac and bluish grey. 

8. Sky-blue, grey-blue, and grey-lilac. 

The individuals of this class have a very imperfect power of distin¬ 
guishing the impression of colours generally; but the defect is greatest 
with regard to red, and the complementary colour green; these colours 
being to them scarcely or not at all distinguishable from grey: the colour 
of which the perception is next in degree defective is blue, which is 
imperfectly distinguished from grey. The perception of yellow is the 
most perfect, though objects of this colour also are distinguished from a 
colourless surface much less easily than by the eye in its normal state. 

Individuals belonging to the second class likewise recognise yellow 
best; red is distinguished better, blue less perfectly, from the absence of 
colour, than in persons of the first class: but the distinction of red from 
blue is above all more imperfect here. The colours which they con¬ 
found are as follows:— 

1. Light orange, greenish yellow, brownish yellow, and pure 

yellow. 

2. Bright orange, yellow-brown, and grass-green. 

3. Brick-red, rust-brown, and dark olive-green. 

4. Cinnabar-red and dark brown. 

5. Dark carmine and blackish blue-green. 

6. Flesh-red, grey-brown, and bluish green. 

7. Dull bluish green and (somewhat brownish) grey. 

8. Imperfect (somewhat yellowish) rose-red and pure grey. 

9. Rose-red, lilac, sky-blue, and grey (including lilac). 

10. Crimson and violet. 

11. Dark violet and dark blue. 
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It IS the perception of the least refrangible rays only that is here very 
imperfect, which is not the case in persons of the first class. 

We must distinguish from the subjective phenomena of vision the 
images of objects existing in the interior of the eye, and throwing a 
shadow upon the retina. Such are the thread-like convoluted figures 
in which rows of globules appear to be contained. These figures are 
not fixed; not only do the separate parts of the figures alter their rela¬ 
tive position, but the whole figures change their place in the field of 
vision. By an energetic movement of the eyes we can cause them to 
shift their place somewhat to the side or upwards, but they soon return 
to their original situation, and, after having previously risen, they 
gradually sink again. Many persons have such figures in considerable 
number before their eyes, but those in the middle of the field of vision 
only are seen distinctly. In microscopic observations they often lie in 
front of the object, and interfere with the perception of it; in such a case 
I am in the habit of displacing them, by pressing on the eye at the side. 
In many individuals these appearances are not seen, while to others 
they are very troublesome. They are by some writers called muscae 
volitantes, and confounded with certain symptoms which accompany 
the development of amaurosis; but they are quite innocent in their 
nature, and exist in persons whose powers of vision are most acute. I 
have been subject to them from childhood. Whether they be owing to 
particles floating in the aqueous humour, or contained in the vitreous 
body, is not known. . 


SECTION If. 

OF HEARING. 

CHAPTER I. 

Of the physical conditions essential to hearing. 

A MECHANICAL impulse upon the organ of hearing excites in the 
auditory nerve the sensation of noise, or sound; and, if the impulse be 
rapidly repeated at regular intervals, a musical tone is heard, the acute¬ 
ness of which is proportionate to the number of the impulses imparted 
to the nerve within a given time. Musical tones are most frequently 
produced by the vibrations of elastic bodies. The sounds produced by 
the separate impulses of the teeth of a saw, or of the wheel in Savart’s 
experiments, or by the impulses of the water in the siren of Cagniard 
La Tour (see page 688), give rise, by their quick succession, to a con¬ 
tinuous tone. From a vibrating elastic body which makes one thousand 
vibrations in a second, if we reckon the movement towards both sides, 
the organ of hearing receives five hundred impulses in a second, pro¬ 
pagated to it by the air or other soniferous medium. The effect of these 
vibrations is the same as that of five hundred direct impulses of a body 
which does not produce sound by vibrations. 
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Whether the tones be excited by vibrations or mere impulses, the 
propagation both of the impulses and vibrations to the organ of hearing 
is effected in accordance with the general laws of undulatory or vibra¬ 
tory motion. 

The original production of the sounds which are due to vibrations is also regulated 
by the same laws, a knowledge of which is consequently necessary in studying the 
physiology of hearing. 

I. Of undulations in general.* 

When the state of equilibrium of the different parts of any body has been disturbed 
by an external cause, the complete recovery of the previous state of repose is preceded 
by a movement in which the different parts of the body alternately approach the posi¬ 
tion of rest, and are removed from it. If a pendulum is driven towards one side, it 
continues to move in that direction until the moving force =0; it is then drawn down 
by the force of gravity, falling with increasing rapidity, which prevents it from imme¬ 
diately resuming the state of rest, and causes it to ascend on the opposite side; and 
these movements are repeated until the equilibrium is restored. Movements, in which 
the parts of a body alternately approach and depart from the state of equilibrium, are 
called vibrations, oscillations, or undulations. Undulations are either undulations of 
inflexion, or flexion-waves, consisting in the surface of the body being thrown into 
alternate elevations and depressions without any change in its density; or they consist 
in successive condensations and rarefactions, without the form of the surface being 
changed. The rarefactions in this case correspond to the depressions of the undula¬ 
tions of inflexion. Vibrations or oscillations are either progressive, when they tra¬ 
verse the different parts of a body in succession; or they are stationary, in which case, 
like those of a pendulum, they do not change their place. 

A. Undulations of inflexion, or elevation and depression, in incompressible fluids,— 
The undulations of inelastic fluids are disturbances of the equilibrium of their surface 
to a certain depth. Gravity is the prime cause of this kind of undulatory movement. 
Such undulations in water are much too slow to give rise to sound. It is, however, 
important to become acquainted with their laws, since the laws of undulations gene¬ 
rally can be most easily observed in them. 

Progressive undulations. —If the equilibrium of a fluid is disturbed at any one point, 
circular undulations with circular elevations and depressions are formed around this 
point; each undulation extending outwards from it, and being followed by another. 
The stronger the impulse, the higher are the elevations of the waves, and the more 
rapid is their motion; though this is also influenced by the depth of the fluid. If 
undulations are excited in a fluid contained in a deep channel with parallel sides by 
an impulse acting on the whole breadth of the fluid, their motion is progressive in a 
straight line, and they do not form circles moving from a centre. The motion of 
waves is not produced by the progressive motion of the particles of water; on the 
contrary, the water itself is stationary, the waves only move over its surface. The 
particles of water in the situation of a wave merely suffer a movement of rotation: 
being in a hollow as the wave approaches them, they successively form the most 
elevated part of it; the wave still moving onwards, they come gradually to form the 
depression behind the wave, whence they again rise as the next approaches. 

If, when undulations meet from opposite directions, the elevation of one coincides 
with the depression of the other, they neutralize each other, and the surface of the 
fluid remains level; but, beyond their place of meeting, the waves again appear mov¬ 
ing onwards in their original direction. 

When parallel waves coming from different, but not directly opposite directions, 
intersect each other, both the effects above mentioned are produced at different points. 
This is the “ interference” of waves. 

Waves are reflected by the surfaces of solid bodies; and in the case of a wave, as 
of a ray of light, the angle of reflection is equal to the angle of incidence. If a wave 
be imagined to consist of a series of forces moving forwards side by side, each part 
of the wave will be reflected by the solid surface at the same angle as that under 

♦ E. H. and W. Weber, Wellenlehre; Leipz. 1825.—Eisenlohr, Lehrbuch der Physik; 
Mannheim, 1836, 121. 
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which it impinged on the surface, and thence will result a system of reflected portions 
of waves which will together form a reflected wave. The direction of the reflected 
wave may be either the same or different from that of the original wave. The re¬ 
flected and incident waves have the same direction, when straight waves are produced 
in a channel, as above described, and when these waves impinge in a perpendicular 
direction on the reflecting surface, and also when circular concentric waves issuing 
from one point strike upon a surface which itself forms a concentric circle around that 
point; in the latter case the reflected waves move back again towards the central point 
whence they arose. 

A circular w’ave or undulation is reflected from a plane surface in the direction which 
a w’ave would have, that issued from a point at the same distance behind the surface 
as the central point of the original wave lies in front. 

Waves passing through an opening in any solid body do not retain the form which 
they had in the opening; on the contrary, their extremities which have passed the 
margins of the opening receive a circular inflexion around these margins, in conse¬ 
quence of which the waves, after their exit, not merely extend forwards, but also in the 
lateral direction. This is the “inflexion” of waves. 

B. Undulations of inflexion or flexion-waves in solid bodies. —The cause of the undu¬ 
lations of this kind in fluids is the force of gravity; in solid bodies it is the force of 
cohesion and elasticity. These undulations are much quicker in solid bodies than in 
water, and in elastic bodies are the cause of sound. 

If a stretched cord or string of a musical instrument is struck, not at its middle, but 
near one extremity, an extension of it is produced at this part, and is communicated as 
a wave or oscillation to the whole cord, travelling from one end to the other where it 
is reflected back again like the undulations of fluids. 

If the cord or string is struck several times in succession, a regular series of undu¬ 
lations is produced, as upon the surface of water. The reflection of these undulations 
at the extremity of the cord, and the meeting of the incident and reflected undulations, 
give rise to the stationary vibrations; and the parts of the cord which remain at rest 
between these stationary waves or vibrations are the “nodal points.” 

The simplest stationary vibration of a cord or string is, however, that which re¬ 
sults, not from the meeting of progressive undulations, but from the transverse vibra¬ 
tion or movement from side to side of the whole cord between its fixed extremities, 
which here constitute the nodal points. This kind of vibration is induced most readily 
by striking a string with the finger, or with a violin-bow. The transverse oscillation 
of solid bodies which do not owe their elasticity to tension, such as metal rods fixed 
at one extremity only, is also an instance of stationary vibration. 

C. Undulations of condensation in liquids, gases, and solid bodies. —The undulations 
of inflexion in water are not attended with any condensation and rarefaction, nor are 
they necessarily so in a cord or string. If the cord is not extensile, or not elastic, the 
undulations of inflexion may be produced by the mere displacement, and the striving 
of the parts of the cord to regain the straight direction. Generally, however, the 
waves of inflexion in strings are attended with alternations of condensation and rare¬ 
faction. The peculiarity of the undulations of inflexion consists in many parts of the 
body having imparted to them so considerable a movement in the direction perpen¬ 
dicular to its surface, that the form of the surface undergoes a visible change. 

Undulations excited in the air consist of progressive condensations and rarefactions. 
The part where the condensation exists is analogous to the elevation; that where the 
rarefaction is, to the depression of an undulation of inflexion. A progressive undula¬ 
tion travelling through a column of air in a tube is reflected at the extremity of the 
tube if this is closed, and its retrograde course retains its original properties. The 
wave is also imperfectly reflected even when the extremity of the tube is open; but, 
experience has shown that in that case the properties of the undulations are reversed, 
its rarefaction taking place w’here its condensation should be, and vice versa. Undu¬ 
lations in the open air have a spherical form. {Weber, op. cit. § 276.) 

II. Of the stationary and progressive undulations of sonorous bodies. 

The vibrations of sonorous bodies are either undulations of inflexion, or undulations 
of condensation. Either of these kinds of undulations, or both simultaneously, may 
take place in strings and solid bodies which give sound. Columns of air, in yielding 
sound, are the seat of undulations of condensation only. The undulations of sonorous 
bodies may be either stationary or progressive. 
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The rate of the vibrations of stretched strings, or the number of the impulses which 
they impart to the air, increases in an inverse ratio with their length, and in a direct 
ratio with the squares of the extending forces. Thus a string which performs one 
hundred vibrations in a second of time, if reduced to half the length, will vibrate 
two hundred times in the same period, the extending force being equal; or, its length 
remaining the same, if it performs one hundred vibrations with an extending force of 
one loth [half an ounce], it wilt vibrate two hundred times when the extending force 
equals four loth, four hundred times when the extending force is sixteen loth. 

Sonorous rods are also susceptible of stationary vibrations, the number of which in 
a given time will be in a direct ratio with the thickness of the rods or bars, and in an 
inverse ratio with the squares of their length. 

Under certain circumstances a progressive movement of the summit of the undula¬ 
tion is combined with a stationary transverse vibration, without any change in the 
rapidity of the transverse vibrations being thereby induced: for instance, when a 
string is struck near one of its fixed points, it not merely performs transverse vibra¬ 
tions, such as it makes when struck at its middle,—that is, transverse vibrations 
equal in length to the whole length of the string,—but the summit of this stationary 
undulation travels to and fro from one end of the string to the other, being reflected 
by each of its fixed points. Tlie number of vibrations of a string thus vibrating is 
exactly the same as that of a string the summit of whose vibrations remains constantly 
in the middle; and as the acute or grave character of a sound, or its pitch, always 
depends on the number of vibrations performed within a certain time, the “pitch” of 
the note produced is in both cases the same, but the “ tone” is somewhat different. 
This is an important circumstance in relation to the theory of the “tone,” or quality 
of different sounds. 

Stationary undulations or vibrations are produced also when, by touching lightly a 
stretched string, we give rise to a nodal point in that situation, and then strike the 
part of the string thus isolated. If, for example, the string is touched at its middle, 
and either its upper or lower half then struck with the violin-bow, not merely does 
the half that is struck become the seat of transverse vibrations, but the other half also 
vibrates from side to side, though in the opposite direction. The number of the 
vibrations in a given time is in this case twice as great as when the string vibrates in 
its whole length, and the sound produced is the octave of the fundamental note of the 
string. If the string is touched at the point of junction of its first and middle third, a 
nodal point is formed between its middle and last third also, and the number of the 
vibrations is three times as great as that of the vibrations of the entire string within 
the same period. In the same way, by isolating and striking a fourth or fifth of the 
string, a regular division of the string into four or five vibrating portions, separated 
by nodal points, is induced. Pieces of paper placed upon these nodal points during 
the vibration of the string are not thrown off. The sounds resulting from the vibra¬ 
tion of a string thus divided by nodal points are called “ harmonic notes.” 

Both stationary and progressive undulations of elastic bodies are adequate to the 
production of the phenomena of musical sounds, if they are regularly^epeated; for 
even the stationary vibrations become progressive undulations when communicated to 
conducting media: each stationary vibration excites in the air, in water, or in solid 
bodies capable of conducting sound, a progressive undulation. 

Sounds may be produced in solid bodies, as well as in columns of air in tubes, by 
progressive undulations of condensation. Rods may be thrown into lotigitudinal 
undulations of condensation and rarefaction by friction in the longitudinal direction. 
These progressive undulations of condensation, without any transverse vibration, may 
likewise produce sound in a stretched string. 

A vibrating string is prone to yield, besides its fundamental note, another fainter 
sound, a harmonic of the other; as the fifth, or the third of the higher octave. The 
fainter sounds accompanying the principal sound of a bell are well known. 

The column of air in pipes is susceptible of no transverse vibrations, but merely of 
the progressive undulations of condensation, which travel to and fro along the length 
of the tube. The blast is continuous; but the effect which it produces is intermit¬ 
tent. The number of undulations within a given time, or, what is the same thing, 
the length of the undulations, is determined by the length of the column of air. 

A gentle blast gives rise to the fundamental note of a covered pipe, in which case 
the nodal point lies at the extremity of the column of air. The same blast causes the 
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development of a nodal point in the middle of the column of air in an open pipe, and 
the note produced is consequently an octave higher. By blowing with greater force, 
the column of air is made to subdivide itself still further, and higher notes are the 
result. 

We have lastly to explain the difference which obtains between a mere “noise,” 
a “ report,” a “continued sound not of musical character,” a “ musical sound,” and 
“tone.” Any impression upon the organ of hearing by an undulation, or several 
undulations, communicated to it, gives rise to a sound or noise. This sound, when 
produced by a single impulse, is short in duration; and, if intense, has the character 
of a “ report.” The intensity of the sound depends on the extent of the excursions 
of the vibrating particles. The “quality” may be very various. Wood, pasteboard, 
and metal produce each a sound of different quality. The quality of the sound ap¬ 
pears to depend partly on the form of the undulations, and partly on the simultaneous 
existence of undulations of different rapidity. One and the same body, if it possess 
unequal elasticity in different directions, may, on receiving an impulse, become the 
seat of undulations of different rapidity in different parts, and will communicate these 
undulations to a conducting medium, not simultaneously, but at more or less distinct 
periods, producing thus in the latter a compound wave of peculiar form. This com¬ 
pound wave, or sum of waves, is transmitted to the organ of hearing in the same 
order and form as it was received by the conducting medium, in which all modula¬ 
tions are propagated with equal rapidity. (Eisenlohr, Lehrbuch d, Physik. p. 151.) 
The circumstance, also, that a body may be affected with a transverse and longi¬ 
tudinal vibration at the same time, has a share in the production of the quality of a 
sound. 

If several undulations succeed each other, a more or less prolonged sound results, 
which may or may not have a musical quality. A succession of similar or dissimilar 
short sounds, at unequal intervals, gives rise to various unmusical sounds or noises. 
A succession of short sounds, even at equal intervals, if the individual sounds are 
distinguishable, does not produce a musical sound. For the production of a sound of 
musical character, it is necessary that the succession of separate sounds or impulses he 
not recognisable. The height or pitch of a musical sound depends on the rapidity with, 
which the separate impulses succeed each other. Savart’s experiments with the toothed 
wheel illustrates the mode of production of musical sounds: as long as the separate 
strokes of the teeth can be heard, the sound has not a musical character; but acquires 
it when they are made to succeed each other more rapidly, although the unmusical 
quality of the sounds resulting from the impulse of the separate teeth is still heard. 
A continued sound of definite musical value may therefore result, not merely from a 
regular succession of simple waves or vibrations, but also from a regular succession of 
very compound undulations, such as separately constitute short unmusical sounds. A 
full and pure musical sound requires for its production simple undulations of sufficient 
strength without the irregular intermediate undulations. The quality of “tone,” or 
“timbre,” possessed by a musical sound, is dependent on the same causes as the 
quality of a simple sound not musical; the musical sound differs merely in the undu¬ 
lations which produce it, succeeding each other at regular intervals. 

III. Of the undulations by which sound is propagated. 

Of the progressive undulations engaged in the propagation of sound. (After Weber, 
op. cit. p. 501.)—The propagation of the vibrations of sonorous bodies is effected 
ordinarily by undulations of condensation and rarefaction, not by undulations of in¬ 
flexion. Sonorous vibrations are propagated even in water by means of undulations 
of this kind; by a movement, therefore, very different from the undulations of eleva¬ 
tion and depression of the surface of the water. 

An impulse in every direction imparted to the air at one point gives rise to a spheri¬ 
cal wave of condensed air, of the form of a hollow sphere, which extends equally 
in all its dimensions, maintaining consequently its spherical form. A spherical body 
suddenly expanding in the air would excite such a wave. The particles of air which 
receive the impulse from such a body thus suddenly expanding, acquire at first a 
motion in a direction corresponding to that of the impulse,—namely, in the direction 
of the radius of the expanding sphere; and, subsequently, when the expanding body 
contracts again and produces a rarefaction around it, a motion in the opposite direction. 
All the particles of the air traversed by the spherical wave, or undulation, experience 
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the same movement. The extent of the forward and retrograde motions of the par¬ 
ticles of air, which is to be regarded as the same thing as the height of the elevation 
of the undulations on the surface of water, decreases with the progress of the wave, 
while the thickness of the wave remains the same, just as a circular wave excited 
upon the surface of water becomes lower as it extends itself, though its breadth re¬ 
mains unaltered. The cavity of the spherical wave increases uniformly in diameter; 
and its circumference consequently increases as the square of its diameter. The eleva¬ 
tion of the undulation decreases in the same ratio. This is the cause why the inten¬ 
sity of a sound diminishes, in the open air, in an inverse ratio with the squares of the 
distance from its origin. In the motion of the air in a tube no cause for the diminution 
of the intensity of the sound exists. 

The intensity with which sounds are conducted depends, cxteris paribus, on the 
relation existing between the sonorous body and the conducting medium. The more 
the latter resembles in its physical properties the body which yields the sound, the 
more perfectly will it conduct it, and vice versa. The column of air of a wind instru¬ 
ment, for example, communicates its sonorous vibrations in such perfection to the 
atmosphere, that the interposition of other media does not tend to increase the in¬ 
tensity of the sound; while to solid bodies, on the contrary, the vibrations of a column 
of air are not readily communicated. On the other hand, solid bodies impart their 
vibrations imperfectly only to the air, and in all their intensity to other solid bodies. 
Moreover, sonorous undulations, in their transition from one medium to another 
different medium, are, like rays of light, partly reflected. These considerations afford 
an explanation of the interruption offered by rocks to sounds excited in the air, and 
of the circumstance that the sonorous vibrations of a solid body, such as a rod, are 
communicated to the ear with greater intensity by means of a cord than through the 
intervention of the air. Mr. Wheatstone states, de Chimie et de Phys. t. xxiii. 

p. 317,) that by means of a wire the sounds produced by a stringed instrument, may 
be conducted to a resounding body placed at a considerable distance. 

Resonance is a means of rendering a sound louder than it is as produced by the 
sounding body itself. It consists in increasing the extent of surface of a soniferous 
medium similar in kind to the sounding body. Hence the increase of sound produced 
by placing a vibrating tuning-fork upon a solid body. The influence of the bridge 
and sounding-board of stringed instruments is due to the same principle. Greater 
resonance is, however, produced by an insulated body than by one which has no 
circumscribed surfaces; for an insulated body reflects back a part of the undulations 
within it at its borders and surfaces, and, these reflected undulations meeting with the 
undulations newly excited in it, an increased extent of the excursions of the oscillating 
particles, answering to the increased height of the elevations of flexion-waves, is pro¬ 
duced. i^Weber, op. cit. p. 536.) 

Stationary vibrations in bodies conducting sound. —Stationary vibrations are developed 
in bodies to which sonorous vibrations are communicated, and which are insulated, 
and at the same time elastic. We have stated that progressive sonorous undulations 
in an insulated body are reflected at its borders and angles; and that, in consequence 
of this, the undulations newly communicated to the body, and those reflected within 
it, meet and intersect each other. 

The sound of one body may, under certain conditions, excite in another insulated 
elastic body not merely resonance, but also a new production of sound; the sound 
emitted by the body thus secondarily thrown into sonorous vibration, being in this 
case the note peculiar to itself; and different from that produced by the body primarily 
affected. Stretched strings will reciprocate the sounds of other bodies by the notes for 
which their degree of tension fits them; for this to occur, it appears to be necessary 
not merely that the sonorous body secondarily affected be very elastic and bounded by 
free surfaces, but also that the number of the vibrations in the note which it is 
adapted to yield should bear a simple numerical relation to those of the original 
sound. 

In musical glasses filled with water, and the vessel thrown into sonorous vibrations 
by means of a violin-bow, the surface of the water dividing itself into several com¬ 
partments (four, six, or eight, according to the height of the note produced,) separated 
by nodal lines, between which, if the stroke of the bow was gentle, stationary undu¬ 
lations are seen directed perpendicularly against the internal surface of the vessel. If 
the stroke of the bow was stronger, other figures are produced; and, by the decus- 

63 * 
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sation of undulations having different directions, rhomboidal stationary undulations 
are developed. The water, moreover, accumulates in the vibrating segments, and is 
spirted out of the vessel when the action of the bow is violent. If the glass vessel 
is thrown into vibration by the friction of the finger upon its margin, the vibrating 
segments and the nodal lines move round in a circle, following the movement of the 
finger. 

The application of the violin bow to the border of a lamina of glass, of which the 
surface is covered with a thin layer of water, gives rise to the same phenomena in a 
still more marked degree. 

The rapidity with which sound is propagated depends on the ^density and elasticity 
of the body. The rapidity in dry air, at a temperature of 32° Fahr. is at the rate of 
332.49 metres, or 1022.194 feet (Parisian measure), [or about 1090 feet English mea¬ 
sure] in a second. Its rapidity increases with the rise of temperature. Sound is pro¬ 
pagated in water with about four times greater velocity than in air; in solid bodies its 
rapidity of transmission is still greater. Iron propagates sound with ten and a half 
times, wood with eleven times, greater rapidity than atmospheric air. 

Reflection of sound. —In relation to their reflection, the undulations of sound re¬ 
semble those of light; in passing from one medium into another different one, they 
are in part reflected, and in part only propagated onwards. The ticking of a watch 
placed in the focus of a concave mirror may be heard in the focus of another mirrror 
placed so as to receive and concentrate the reflected sonorous undulations. It is owing 
to sonorous vibrations of air being propagated with more facility in that medium than 
they are imparted from it to solid bodies, that sounds are transmitted in their full in¬ 
tensity through tubes, just as on the same principle solid rods propagate sonorous 
vibrations to great distances almost without any loss of intensity. A speaking- 
trumpet represents a parabola, in the focus of which the sound is excited. Being 
reflected by the parabolic surface, the sonorous undulations are all thrown in a 
direction parallel to the axis of the parabola. The cause of the increased in¬ 
tensity given to the sound by the speaking-trumpet is, for the most part, the coin¬ 
cidence of newly excited undulations with others already reflected, producing 
undulations with greater condensations and rarefactions. But the resonance of the 
confined mass of air in the tube also contributes to this effect; for the air of a tube 
open at both extremities, while it propagates sound, also becomes the seat of re¬ 
sonance. The ear-trumpet becomes narrower towards the ear, and consequently con¬ 
centrates the sonorous undulations. If its walls have the parabolic form, and the focus 
of the parabola be at a point near the ear, sonorous undulations coming in a direction 
parallel with the axis of the parabola will of course be brought to a focus near the 
ear. {Eisenlohr, loc. oit. p. 164.) If a reflecting surface is situated so as to throw 
sonorous undulations upon the ear, and is at such a distance that the reflected undu¬ 
lations reach the ear perceptibly later than the undulations coming direct from the 
sounding body, an echo results, which is perfect when the difference of time is so 
great that the two series of undulations strike the ear at perfectly distinct periods. 


CHAPTER ir. 

II. OF THE DIFFERENT FORMS OP THE AUDITORY APPARATUS, AND OP ITS 
ACOUSTIC PROPERTIES. 

1. Of the different forms of the organ of hearing. 

In the greater number of invertebrate animals there are no parts 
known which can be regarded as analogous to the organ of hearing of 
the higher clases; and in the case of many animals it may be doubted 
whether they really hear at all; for every reaction of nerves under the 
influence of vibrations cannot be called the sensation of sound, since 
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the sense of touch is capable of perceiving the same vibrations as a 
tremor.* 

In all cases the first essential of an organ of hearing is the special 
nerve endowed with the property of perceiving impulses as sound; and, 
next to this, an apparatus adapted for conducting these impulses to the 
nerve.. Inasmuch, however, as all matters have the property of propa¬ 
gating sonorous vibrations as undulations of condensation, it is evident 
that a special apparatus for conducting these vibrations may be absent;, 
and this enables us to understand why no special auditory apparatus has 
been hitherto found in many invertebrate animals. The auditory nerve, 
if merely in contact with the solid parts of the head, will be as certainly 
affected by the vibrations communicated to those parts as if it were 
spread out in a special organ. 

The simplest form of the organ of hearing in which a special ap¬ 
paratus is added to the nerve with the specific endowment, is a small 
sac containing fiuid, with the auditory nerve expanded upon it. The 
sonorous vibrations are communicated to this organ, either through the 
medium of the hard parts of the head alone, or at the same time by the 
contiguous hard parts, and by a membrane lying freely exposed to the 
surrounding medium. This is the form of the organ of hearing in the 
Crustacea among the Articulata, and in the Cephalopoda among the 
Mollusca. 

The organ of hearing in the vertebrata is in no instance so simple 
as in these invertebrate animals. It was formerly thought that the 
Petromyzon resembled the Invertebrata in this respect; but my re¬ 
searches have shown that they possess a complicated labyrinth with 
two semicircular canals. In tracing the organ of hearing from fishes 
up to Mammalia, we find it present a progressive development and 
increasing complexity. 

In birds the organ of hearing has in some respects—namely in the 
structure of the tympanum, columella, and cochlea,—the same confor¬ 
mation as in the Crocodilida and Lacertm. The tympanum communi¬ 
cates with cavities in the cranial bones, which thus become filled with 
air, and increase the extent of surface tending by resonance to render 
sounds more intense. 

Mammalia generally have an organ of hearing, which is not essen¬ 
tially different from that of man, and the varieties of form which it 
presents are not, for the most part, of such physiological importance as 
to render it necessary for us to describe them. The cochlea is always 
convoluted, and possesses a spiral lamella, formed partly of bone and 
partly of membrane, running round the central modiolus; the cochlea 
of the Ornithorhynchus, and that of the Echidna, are the only excep¬ 
tions, resembling in all respects the same part in birds. The bony 
tympanum has in many Mammalia the form of a large osseous pouch, 
generally resulting from a development of the os tympanicum. In many 

* For an account of the parts regarded as organs of hearing in insects, see Compa- 
retti, Obs. Anat. de Aure Interna Comparata; Patavii, 1789: Treviranus, Ann. d. 
Wetterauischen Gesellschaft, B. i. 2; Frankfort, 1809, p. 169: Ramdohr, Magazin d. 
Gesellschaft Naturforschender Freunde; Berlin, 1811, p. 389; J. Muller, Physiol, des 
Gesichts-sinnes, p. 437. 
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animals the cavity of the tympanum extends into other contiguous 
bones. In some there is also a second superior tympanum, formed by 
the pouch-like expansion of the os petrosum upwards and backwards; 
such a cavity exists, for example, in the genera Pedetes, Dipus, and 
Macroscelides. These are all means for increasing the extent of the 
cavities for resonance. The Cetacea and the Ornithorhynchus have no 
external ear; the Eustachian tube in the Delphinus family opens into 
the nasal cavity; and the external auditory passage of animals living 
entirely in the water is extremely narrow. 

Tht ultimate distribution of the auditory nerve in the cochlea, and the observations of 
Treviranus and Gottsche relative to that subject, have been referred to at page 493. 
Just as the nervous fibres are spread out in the cochlea upon the lamina spiralis for 
the purpose of being in contact on both sides with the fluid of the labyrinth, so also 
in the ampullae of the semicircular canals they are, as Steifensands has shown, {Mul¬ 
ler's Archiv. 1835,171,) expanded upon a process, which however is not carried entirely 
through the ampulla, but merely projects into it. Into the ampulla of each semicir¬ 
cular canal in Mammalia a transverse rounded body projects like an imperfect septum 
at the part corresponding to the expansion of the nerve on the ampulla.* In birds, a 
process with a rounded extremity projects upwards from this septum, and another 
similar one downwards; so that the whole resembles a cross, of which the transverse 
branches are fixed to the walls of the ampulla, the perpendicular branches free. In 
the tortoise, the rounded septum of the posterior ampulla has merely one boss-like 
prominence (umbo) in its centre. The septum of the anterior ampulla is placed trans¬ 
versely upon the parietes of the cavity, and has not this prominence: in the external 
ampulla only half of the septum exists. In crocodiles and lizards the external am¬ 
pulla resembles that of the tortoise; the others have the septum of the cruciate form. 
In fishes the septum is a rounded transverse fold. 

All the acoustic contrivances of the organ of hearing are means for 
conducting the sound, just as the optical apparatus of the eye are media 
for conducting the light. Since all matter is capable of propagating 
sonorous vibrations, the simplest conditions must be sufficient for mere 
hearing, for all substances surrounding the auditory nerve would com¬ 
municate sound to it. In the eye a certain construction was required 
for directing the rays or undulations of light in such a manner that they 
should fall upon the optic nerve with the same relative disposition as 
that with which they issued from the object. In the sense of hearing 
this is not recpiisite. Sonorous vibrations having the most various 
direction and the most unequal rate of succession, are transmitted by all 
media without modification,Jiowever manifold their discussations; and, 
wherever these vibrations or undulations fall upon the organ of hearing 
and the auditory nerves, they must cause the sensation of corresponding 
sounds. The whole development of the organ of hearing, therefore, can 
have for its object merely the rendering more perfect the propagation of 
the sonorous vibrations and their multiplication by resonance; and, in 
fact, all the acoustic apparatus of the organ may be shown to have 
reference to these two principles. 

For the mere perception of sounds, therefore, neither membrana 
tympani, ossicula, cochlea, semicircular canals, nor even the vestibule 
and fluid of the labyrinth, are essential. Hence all these parts may be 
absent. 

* Steifensands’ figures of this structure in man will be found copied in Mr. Wharton Jones’s 
art. Organ of Hearing, in the Cyclopffid. of Anat. and Physiology, which may be consulted 
with reference to the structure of the human ear generally. 
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Of the propagation of sound to the labyrinth in animals living in 

the air. 

The propagation of the sonorous vibrations from the surface of the 
body to the fluid of the labyrinth, requires in an animal living in the air 
a much more complicated apparatus than in an aquatic animal, in con¬ 
sequence of the transition of the vibrations from air to the solid parts 
which surround the organ of hearing and the fluid of the labyrinth 
being attended with much greater difficulty than the transition of the 
vibrations from water to solid bodies. Accordingly, in most animals 
living in the air, the labyrinth has two fenestrae, of which one is closed 
by a membrane, the other by a solid operculum. Most of these ani¬ 
mals have also a tympanum and Eustachian tube, and a double means 
of conducting the sound from the exterior to the labyrinth,—namely, a 
chain of solid bodies, the ossicula auditus, interposed between the mem- 
brana tympani and the fenestra ovalis of the labyrinth; and the air of 
the tympanum, which conducts the vibrations from the membrana 
tympani to the membrane of the fenestra rotunda. The dispute which 
has occupied physiological writers, as to which of these is the true con¬ 
ducting medium of the sound, has no scientific grounds. The air, 
membranes and small bones of the ear, are all capable of conducting 
sonorous vibrations, and they do respectively what their physical pro¬ 
perties adapt them for. The propagation of the sound in two different 
ways simultaneously must necessarily strengthen its impressions. The 
laws by which the propagation of sound from the exterior to the laby¬ 
rinth of animals living in the air are regulated, have not hitherto been 
determined. We shall, therefore, investigate the subject as fully as we 
have done that of the process of hearing in aquatic animals. 

To learn the acoustic value of each part of the apparatus, it is requisite 
to study them in the order of their progressive development. 

The propagation of sound to the fluid of the labyrinth in animals 
destitute of tympanum is seldom left to the conducting power of the 
cranial bones alone. Sonorous vibrations are imparted too imperfectly 
from air to solid bodies, for the propagation of sound to the internal ear 
to be adequately effected by that means. In nearly all animals living 
in the air, even in those winch have no tympanum, the labyrinth has 
an opening, or fenestra, towards the exterior, which, when the tympa¬ 
num is absent, is covered by the skin and muscles. 

I. Sonorous undulations, in passing from air directly into water, suffer a 
considerable diminution of their strength; while, on the contrary, if a tense 
membrane exists between the air and the water, the sonorous undulations are 
communicated from the former to the latter medium with very great intensity. 
—This is the fundamental fact from which we start. We have in this 
fact at once an explanation of the use of the fenestra rotunda, and of the 
membrane closing it. They are the means of commtmicating in full 
intensity the vibrations of the air to the fluid of the labyrinth, whether 
the tympanum exist or not. This peculiar property of metnbranes is 
the result, not of their tenuity alone, as will be readily conceived, but of 
the elasticity and capability of displacement of their particles. In 
passing from the air into a solid body, sonorous vibrations are at once 
rendered feeble, whether the solid body itself be thick or thin; for the 
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impediment to the propagation of the vibrations exists at their very 
transition from the one medium to the other. A membrane cannot 
therefore, with respect to its inilnence in communicating sound from air 
to water, be regarded merely in the light of a very thin body. It is 
owing to the extensile property of membrane that sonorous undulations 
are so readily communicated to it from air, as though it were itself air; 
and that it so readily imparts them again to water, as though it were 
water. 

It is, moreover, not necessary that the membrane be impregnated 
with moisture; the membrane covering the end of the pipe may be dry, 
and yet the sound transmitted by it, before it has become softened by 
the water, will be loud. This fact finds its application in the membrane 
of the fenestra rotunda in animals provided with a tympanum. 

II. The sonorous vibrations are also communicated without any perceptible 
loss of intensity from the air to the water, when to the membrane forming the 
medium of communication there is attached a short solid body, which occupies 
the greater part of its surface, and is alone in contact with the water .— 
This fact elucidates the action of the fenestra ovalis, and of the mova¬ 
ble plate of the stapes which occupies it in animals living in the air, but 
destitute of tympanum and mernbrana tympani. 

Observations prove that both fenestras—that closed by membrane 
only, and the other with which the movable stapes is connected— 
transmit very freely the sonorous vibrations from the air to the fluid of 
the labyrinth. 

Progagation of sound by the mernbrana tympani and ossicula auditus. 

III. A small solid body, fixed in an opening by means of a border of 
membrane, so as to be movable, communicates sonorous vibrations, from air 
on one side, to water, or the fluid of the labyrinth, on the other side, much 
better than solid media not so constructed. But the propagation of sound to 
the fluid is rendered much more perfect if the solid conductor thus occupying 
the opening (fenestra of the labyrinth) is by its other end fixed to the middle 
of a tense membrane which has atmospheric air on both sides. 

Vibrations of the air are communicated to solid bodies with difficulty, 
and with a considerable diminution of their intensity; but a membrane 
is readily thrown into motion by them. Savart has shown that mem¬ 
branes of small extent, as the mernbrana tympani itself, even when 
made tense, are so affected by sonorous vibrations excited in their 
vicinity as to cast off sand wliich is strewed over their surface. It may 
also be proved by direct experiment, that a tense membrane is a much 
better conductor of the undulations of air than any other solid bodies 
bounded by definite surfaces; and, what is equally essential, that the 
vibrations are also communicated very readily by a tense membrane to 
solid bodies in contact with them. The mernbrana tympani has not 
hitherto been considered under this point of view, namely, as the means 
of transmitting sound from the air to the chain of auditory bones. 

The ossicula of the ear are the better conductors of the sonorous vibrations com¬ 
municated to them, on account of being isolated by an atmosphere of air, and not 
continuous with the bones of the cranium; for every solid body thus isolated by a dif¬ 
ferent medium propagates vibrations with more intensity through its own substance 
than it communicates them to the surrounding medium, which thus prevents a disper¬ 
sion of the sound, just as the vibrations of the air in the tubes used for conducting the 
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voice from one apartment to another are prevented from being dispersed by the solid 
walls of the tube. The vibrations of the membrane tyrnpani are transmitted, there¬ 
fore, by the chain of ossicula to the fenestra ovalis and fluid of the labyrinth, their 
dispersion in the tympanum being prevented by the difficulty of the transition of vibra¬ 
tions from solid to gaseous bodies. The membrane tympani being a tense solid body 
bounded by free surfaces, the sonorous undulations will be partially reflected at its 
surfaces, so as to cause a meeting of undulations from opposite directions within it; it 
will therefore, by resonance, increase the intensity of the vibrations communicated to 
it, and the undulations thus rendered more intense will act in their turn upon the chain 
of auditory bones. 

We have now to investigate the nature of the vibrations of the membrana tympani. 
Are they undulations of inflexion, like the transverse vibrations of strings and mem¬ 
branes] or are they undulations of condensation] An impulse communicated to a 
string or rod in the direction of its length gives rise merely to progressive waves of 
condensation, not to vibrations of the string or rod from side to side. But if a suffi¬ 
ciently thin body, as a string or membrane, receives an impulse in a direction perpen¬ 
dicular to its length or to its surface, undulations of inflexion are also produced. Ac¬ 
curately speaking, the membrana tympani will become the seat of transverse oscillations 
whenever the space through which its particles move in the undulations excited by 
sonorous vibrations of the air exceeds the thickness of the whole membrane; and, 
when the impulses of the air have a certain degree of intensity, this must occur. The 
articulation and relative position of the small bones of the ear being such as to allow 
an approximation of the two extremities of the chain which they form, the oscillations 
of the membrana tympani are not impeded by them. Even where only one of the 
ossicula exists, as in birds and reptiles, its outer extremity, which is connected with 
the membrana tympani, is mobile. We may from these considerations infer that the 
articulation of the small bones;of the ear has not a relation merely to the action of 
muscles upon them,—which, indeed, is sufficiently proved by reference to comparative 
anatomy, for they have movable articulations in the frog as in man, though they have 
there no muscles attached to them. 

On examining, however, more closely the conditions of the propagation of sonorous 
undulations in the atmosphere, we find that only the most intense sounds can possibly 
give rise to oscillations of the membrana tympani as a whole. 

In calculating the effect of sonorous undulations on the membrana tympani, we 
must take into account the difference in the velocity with which sound is propagated 
by it and by the air, and also the resistance offered by its attachments, which, even 
though the extent of the oscillation of the particles of air striking it exceeded the 
thickness of membrane, would cause the extent of its movement to be much less con¬ 
siderable. 

The necessity for the presence of air on the inner side of the membrana tympani,— 
in other words, the necessity for the existence of the tympanic cavity,—to enable the 
membrana tympani and ossicula auditus to fulfil the objects which we have described, 
is obvious. Without this provision, neither would the vibrations of the membrane be 
free, nor the chain of bones isolated, so as to propagate the sonorous undulations,with 
concentration of their intensity. But while the oscillations of the membrana tympani 
are readily communicated to the air in the cavity of the tympanum, those of the solid 
ossicula will not be conducted away by the air, but will be propagated to the labyrinth 
without being dispersed in the tympanum. Equally necessary is the communication 
of the air in the tympanum with the external air through the medium of the Eusta¬ 
chian tube for the maintenance of the equilibrium of pressure and temperature between 
them. 

The propagation of sound through the ossicula of the tympanum to 
the labyrinth must be effected by undulations of condensation and rare¬ 
faction of their particles only, not by oscillations of the entire bones, 
even in cases where the entire membrana tympani oscillates; for, if the 
stapes were in its vibrations alternately more nearly approximated and 
removed from the labyrinth, the fluid of the latter cavity must necessa¬ 
rily be very compressible. The extent through which the individual 
particles affected by the undulations oscillate equals very minute frac¬ 
tions only of the length of the stapes. 
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The long process of the malleus, receives the undulations of the 
membrana tympani and of the air in a direction nearly perpendicular 
to itself. The undulations maintain this direction through the whole 
chain of ossicula quite independently of its direction, and of that of the 
individual bones forming it. From the long process of the malleus the 
undulations are propagated to its head, which projects from it at an 
angle; thence into the incus the long process of which has a direction 
parallel with the long process of the malleus. From the long process 
of the incus the undulations are communicated to the stapes, which is 
united to it at right angles. All these changes in the direction of the 
chain of bones have no influence on that of the impulse, which remains 
the same as it was in the meatus externus and long process of the 
malleus, so that the undulations are communicated by the stapes to the 
fenestra ovalis in a perpendicular direction. 

Tension of the membrana tympani. 

IV. A membrane of small extent propagates sound better in the lax con¬ 
dition than when made very tense. 

The inquiry respecting the capability of the membrana tympani to 
conduct sound better in its lax or in its tense condition, may be made 
to embrace membranes generally. We must, however, distinguish here 
between reciprocation of sonorous vibrations, resonance, and conducting 
power. The reciprocation of sounds is a phenomenon which bodies 
rendered elastic by tension are not capable of manifesting in their lax 
condition. 

The result was in all my experiments the same. The sound was 
transmitted with much greater intensity through the lax membrane than 
through the membrane made tense by raising the outer extremity of the 
rod. A watch may be used as the source of the sound in these experi¬ 
ments. But every noise is heard louder when the membrane is lax; 
and its intensity diminishes in proportion as the tension of the membrane 
is increased. 

The membrana tympani in one’s own person may, however, be ren¬ 
dered tense so as to produce this influence on the insensity of sounds 
at will. In the dead subject, the membrana tympani may be rendered 
more tense in two ways besides by the retraction of the malleus; namely, 
by exhausting the air in the tympanum by sucking through the Eusta¬ 
chian tube, and by forcing more air into the tympanum through the 
same canal. In the first case, the membrana tympani is pressed in¬ 
wards. In the second case, it is forced outwards; the long process of 
the malleus, however, not being displaced by the pressure of the air 
within the tympanum, the centre of the membrane is prevented from 
changing its position, while the rest of it is protruded. 

But these modes of tension of the membrana tympani may be prac¬ 
tised in the living body also, and in the experiment on our own persons, 
namely, by a strong and continued effort of expiration while the mouth 
and nostrils are -closed, or by a strong and long-continued effort of in¬ 
spiration under the same circumstances. In the first case, the com¬ 
pressed air is forced with a whizzing sound in the tympanum, and 
immediately hearing becomes indistinct. The same temporary imper- 
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fection of hearing is produced by rendering the membrana tympani 
tense, and convex towards the interior, by the effort of inspiration; a 
fact first noticed by Dr. Wollaston. [Philos. Transact. 1820.) The 
imperfection of hearing, produced by the last-mentioned method, con¬ 
tinues even after the mouth is opened, in consequence of the previous 
effort at inspiration having induced collapse of the walls of the Eusta¬ 
chian tubes, which prevents the restoration of equilibrium of pressure 
between the air within the tympanum and that without; hence we have 
the opportunity of observing that even our own voice is heard with 
less intensity when the tension of the membrana tympani is great. 

If the pressure of the external air or atmosphere be very great, while, 
on account of collapse of the walls of the Eustachian tubes, the air in 
the interior of the tympanum fails to exert an equal counter-pressure, 
the membrana tympani will of course be forced inwards, and imperfect 
deafness be produced. It is thus, in my opinion, that we must explain 
the singular observation of M. Colladon, that in the diving-bell both the 
voices of his companions and his own voice sounded faintly. The fact 
cannot be owing, as has been supposed by some writers, to the bad 
conducting power of the condensed air, since air conducts sound better 
in proportion to its density. 

The effect of the increased tension of the membrana tympani is not 
to render both grave and acute sounds equally fainter than before. On 
the contrary, it was observed by Dr. Wollaston, that, when he had 
rendered his membrana tympani tense by exhausting the cavity of the 
tympanum, he was deaf to grave sounds only. By striking the table 
with the ends of his finger, he produced a deep dull note; striking it 
with his nail, he gave rise to a sharp sound. When he had exhausted 
the tympanum by the effort of inspiration, he could hear the latter sound 
only; the former deeper note was inaudible. 

These facts admit of a practical application in pathology. It is not 
very rare to meet with persons who are deaf to the more grave sounds 
only, while they still hear distinctly acute sounds, even though they be 
not loud. One of my colleagues, who is deaf, hears acute better than 
grave sounds. In such cases it is very probable that the membrana 
tympani is in a state of too great tension. In the present state of obscu¬ 
rity of the diagnosis of diseases of the ear, this hint may be of some use. 
Such unnatural tension of the membrana tympani may, of course, be 
produced by several different causes. It may arise from occlusion of the 
Eustachian tube; in which case the air in the tympanum may either be 
expanded by the heat of the body, and so force outwards the membrana 
tympani, or it ra;w be partially absorbed, when the membrane would 
be pressed inwar^by the air without. Another cause may be a con¬ 
tracted state of the tensor tympani muscle. In my colleague the 
Eustachian tube is free, for he can force air into the tympanum. 
When the Eustachian tube is closed, and the tension of the membrana 
tympani is the consequence of the expansion or partial absorption of 
the air in the cavity of the tympanum, the operation of puncturing the 
membrane, or the mastoid process, may be easily conceived to be bene¬ 
ficial; but when the too great tension of the membrana tympani, and 
consequent deafness, are owing to a contracted state of the tensor tym- 
64 
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pani muscle, the operation must be useless. This may in part account 
for the various results obtained from it. 

The influence of the musculus tensor tympani in modifying hearing 
may now be estimated. 

If we admit, as a very probable supposition, that the tensor tympani 
may through reflex nervous action be excited to contraction by a very 
loud sound, just as the iris and orbicularis palpebrarum muscle are by a 
very intense light, the impression being conveyed by the sensitive nerve 
to the brain, and thence reflected upon the motor fibres; then it is mani¬ 
fest that a very intense sound would, by exciting a reflex action of this 
muscle, induce a deadening or muffling of the ears. A loud sound ex¬ 
cites by reflection nervous action, winking of the eyelids, and, in persons 
of irritable nervous system, a sudden contraction of many muscles. The 
above supposition has, therefore, great probability in its favour.* In¬ 
creased tension of the membrana tympani by the tensor tympani muscle, 
by whatever cause excited, must moreover cause the graver sounds, 
rather than the more acute, to be heard faintly. 

We have now to inquire whether the tensor tympani is subject to volun¬ 
tary influence. Like the stapedius, it presents under the microscope, ac¬ 
cording to my observations, the characters common to all muscles of ani¬ 
mal life; its primitive fasciculi are regularly marked with the cross striae. 

The opinion that the tensor tympani muscle is subject to the influence 
of the will was held by Fabricius ab Aqua pendente, who maintained 
that he had himself voluntary power over it, he being able to produce 
a peculiar noise in his ears at will. Fabricius could perform the move¬ 
ment only on both sides simultaneously. Mayer was acquainted with 
a gentleman who had such power over the motions of the small bones 
of his ear that another person could distinctly hear the sound thus pro¬ 
duced when their ears were applied to each other.t I have the same 
power of producing at will a sound in either ear, more particularly in 
the left, in which I can excite it without causing it on the other side. 
The sound is of a snapping character, like that emiWed by the electric 
spark, or that produced when the end of the finger, rendered adhesive, is 
pressed upon paper and then suddenly removed. The cause of this sound 
appears to me to be a voluntary contraction of the tensor tympani muscle. 

An involuntary contraction of the tensor tympani muscle, like its action under the 
influence of the will, must produce a sound. Many persons will have observed noises 
in their ear from this cause. 

The influence of the stapedius muscle in hearing is unknown. It acts upon the 
stapes in such a manner as to make it rest obliquely in the fenestra ovalis, depressing 
that side of it on which it acts, and elevating the other side to the same extent. The 
only effect which, it appears to me, could be ascribed to it, would be to render tense 
the membrane by which the base of the stapes is connected with the margin of the 
fenestra. 

* A very loud noise, such as that of a cannon, if near, may, by forcing in the mem¬ 
brana tympani, give rise to the production of a new sound by that membrane itself; 
at least, I think, I have observed this in my own person. At the time of the report 
of a cannon I perceived a cracking or jerking sound, similar to that which is heard 
when the movement of inspiration is suddenly performed while both the nostrils and 
mouth are closed, so as to draw inwards, and thus render tense, the membrana 
tympani. 

-j- Compare Lincke, Handbuch der Ohrenheilkunde; Leipz. 1837; 1, p. 472. 
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The. fenestrse, ovalis and rotunda. 

The existence of two fenestrse for the transmission of sound to the 
labyrinth is not a necessary condition for hearing in animals living in 
the air which are furnished with a tympanum; for, both a tense mem¬ 
brane, (such as the rnembrana tympani secondaria, or membrane of the • 
fenestra rotunda,) and a movable solid body connected with a tense 
membrane, are capable of conducting sound with considerable intensity 
to water. Comparative anatomy also furnishes proofs of the truth of 
this statement; for frogs in which a tympanic cavity otherwise perfect 
exists, have no second fenestra, or fenestra rotunda, the chain of audi¬ 
tory ossicula being in them the only means of conducting the sound to 
the labyrinth. In this case the air in the tympanum can scarcely be 
regarded as an auxiliary, since its sonorous vibrations cannot be com¬ 
municated in any intensity to the solid parts of the organ. Its principal 
use must here be to insulate the small bones of the ear and the mem- 
brana tympani. 

When both fenestra exist together with a tympanum, the sound is transmitted to 
the fluid of the internal ear in two ways,—namely, by solid bodies and by membrane; 
by both of which conducting media sonorous vibrations are, as my experiments have 
shown, communicated to water with considerable intensity. The sound being con¬ 
ducted to the labyrinth by two paths will, of course, produce so much the stronger 
impression; for undulations will be thus excited in the fluid of the labyrinth from two 
different though contiguous points, and by the crossing of these undulations stationary 
waves of increased intensity will be produced in the fluid. 

It is natural to inquire here by which of the paths above indicated the sounds are 
conducted with most intensity from the rnembrana tympani to the labyrinth; whether 
through the chain of bones and the fenestra ovalis, or through the air of the tympanum 
and the membrane of the fenestra rotunda. 

We may express the problem to be decided in other words, thus: 
By which succession of media is the intensity of sonorous undulations 
least diminished?—by air, a tense membrane, an insulated and mova¬ 
ble solid body, and water; or by air, a tense membrane, air, another 
tense membrane, and then watery fluid? The experiments which I 
have instituted prove very clearly that 

V. Vibrations are transmitted with very much greater intensity to water 
when a tense membrane, a chain of insulated solid bodies capable of free 
movement, are successively the conducting media, than when the media of 
communication between the vibrating air and the water are the same tense 
membrane, air, and then a second membrane; or, to apply this fact to the 
organ of hearing, that the same vibrations of the air act upon the fluid of 
the labyrinth with much greater intensity through the medium of the chain 
of auditory bones and the fenestra ovalis, than through the medium of the 
air of the tympanum and the membrane closing the fenestra rotunda. 

I imitated the structure of the tympanum and reached the above result 
by direct experiment. 

The undulations transmitted by the fenestra ovalis act primarily upon 
the vestibule and the semicircular canals; those transmitted by the fe¬ 
nestra rotunda, upon the cochlea: but those communicated immediately 
to the fluid of the vestibule, inasmuch as they extend as circular waves 
in the fluid, must ultimately reach the cochlea; and the relation of the 
fenestra rotunda to the cochlea is by no means constant, since in che- 
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Ionian reptiles (tortoises and turtles) both fenestrae exist, though there is 
no proper cochlea. 

'The Eustachian tube. 

The Eustachian tube is never absent when the tympanum exists. 
Its great importance in rendering hearing perfect is proved by the 
circumstance of its occlusion as a consequence of disease, being al¬ 
ways attended with deafness and tinnitus. But it cannot, from these 
cases of disease, be determined whether the Eustachian tube is itself 
essential to the hearing of sounds with distinctness and intensity, or 
whether its occlusion affects hearing only indirectly. 

It may be easily conceived that the ill effect of obstruction of this 
passage would be equally great whether its office were merely to pre¬ 
vent the production of too great tension of the membrana tympani by 
expansion or condensation of the air in the tympanum, or to carry off 
the mucus generated in that cavity by the ciliary motion of its mucous 
lining. All the provisions by which the tympanum has been adapted 
to the better propagation of sound would be rendered unavailing if it 
were to become filled with mucus. 

The different offices which might be, and have been, attributed to 
the Eustachian tube are various. 

The principal object for the fulfilment of which this tube exists, 
wherever there is a tympanum, appears to me to be the maintenance 
of the equilibrium between the air within the tympanum and the 
external air, so as to prevent inordinate tension of the membrana 
tympani, which would be produced by too great or too little pressure 
on either side, and the effect of which would be imperfection of hear¬ 
ing. It is not the increased or diminished density of the air on either 
side of the membrane which is of the chief importance, but the tension 
of the membrana tympani which they necessarily produce, and which 
always interferes with the integrity of hearing. 

It is on this principle that we must explain the good effect of cathe- 
terising the Eustachian tube, or of perforating the membrana tympani, 
or mastoid process of the temporal bone, in many cases of deafness 
caused by chronic occlusion of the tube. While, however, I main¬ 
tain that this is the principal office of the Eustachian canal, I do not 
deny that it has other uses, of which the next in importance appear 
to me to be the modification of the sound so as to render it more clear, 
the supplying the tympanum with air, and the discharge of the secre¬ 
tion of that cavity. 

When the Eustachian tubes are sufficiently wide, the density of the 
air within the tympanum will be kept constantly equal to that of the 
external air; and, when the latter rapidly increases in density, the air 
within the tympanum will immediately acquire the same density, so as 
to balance the increased external pressure upon the membrana tympani, 
without our being conscious of any change. In proof, however, that in 
other cases the balance of the pressure within the tympanum and upon 
its exterior may be disturbed, the observations of persons who have de¬ 
scended in the diving-bell may be adduced.* Cams, [Bericht uber die 

* See also Dr. Todd’s observations in the Cyclopasdia of Anat. and Physiol, art. 
Hearing, p. 575. 
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Versammlung der Naturforscher in Jena,) also, in ascending high 
mountains, perceived a sensation of tension in the ears; and, after a 
certain height was attained, a snapping sound, which was repeated at 
elevations differing about six hundred feet from each other. Whether 
these sensations be perceived or not by others, will, of course, depend 
in part on differences of individual conformation. I do not myself 
recollect to have experienced anything of the kind. Before, however, 
the state of disturbed balance of pressure had reached its maximum, 
I should remove it by a voluntary action of the tensor tympani, which 
is also attended in me with a snapping sound. 

The external auditory passage. 

The meatus auditorius externus influences the propagation of sound 
to the tympanum in three ways: 1, inasmuch as the sonorous undula¬ 
tions entering directly from the atmosphere are transmitted by the air 
in the tube immediately to the membrana tympani, and are prevented 
from being dispersed; 2, by the walls of the passage conducting the 
sonorous undulations imparted to the external ear itself by the shortest 
path to the place of attachment of the membrana tympani, and so to this 
membrane; 3, by the resonance of the column of air contained within 
the passage. 

As a conductor of undulations of air, it receives the direct undulations of the atmo¬ 
sphere, of which those which enter in the direction of the axis of the canal must 
produce the strongest impression. The undulations which enter the passage obliquely 
will be reflected by its parietes, and will thus by reflexion reach the membrana tym¬ 
pani. By reflexion, also, the external meatus receives the undulations which impinge 
upon the concha of the external ear, when their angle of inflexion is such that they 
are thrown towards the tragus. Other sonorous undulations again, w'hich could enter 
the meatus from the external air neither directly nor by reflexion, may still be brought 
into it by “inflexion;” undulations, for instance, whose direction is that of the long 
axis of the head, and which pass over the surface of the ear, must, in accordance with 
the laws of “ inflexion,” be bent into the external meatus by its margins. The action 
of those undulations will, however, be most intense which enter the meatus directly, 
neither by reflexion nor inflexion. Hence we are enabled to judge of the point whence 
sound comes, by turning one ear in different directions. 

We have next to consider the walls of the meatus as solid conductors of sound; for 
those vibrations which are communicated to the cartilage of the external ear, and not 
reflected from it, are propagated by the shortest path through the parietes of the audi¬ 
tory passage to the membrana tympani. Hence both ears being close stopped, the 
sound of a pipe is heard more distinctly when its lower extremity covered with a mem¬ 
brane, is applied to the cartilage of the external ear itself, than when it is placed in 
contact with the surface of the head. 

Lastly, the external auditory tube is important, inasmuch as the air which it con¬ 
tains, like all insulated masses of air, increases the intensity of sounds by resonance. 
To convince ourselves of its really having this influence, we need merely lengthen the 
passage by affixing to it another tube. Every sound that is heard, even the sound of 
our own voice, is then much increased in intensity. If tubes of considerable length 
are used, and their length is adapted to the sound, the column of air in them will re¬ 
ciprocate it by their own fundamental notes, as the MM. Weber have shown. Shorter 
columns of air do not thus reciprocate sounds, but merely increase their intensity by 
resonance.* 

* The resonant action of the meatus, particularly when lightly closed, was pointed out by 
Mr. Wheatstone, in the Journal of Science and Arts for 1827, vol. ii. New Series. 

64* 


763 


CARTILAGE OP THE EXTERNAL EAR. 


Cartilage of the external ear. 

The action of the external ear upon sonorous vibrations is partly to 
reflect them, and partly to condense and conduct them to the parietes 
of the meatus externus. With respect to its reflecting action, the ex¬ 
cavation called the concha is the most important part, since it directs 
the reflected undulations towards the tragus, whence they are thrown 
into the auditory passage. The other inequalities of the external ear 
do not promote hearing by reflexion, (see Esser, in Kastner’s Jlrchiv. 
xii.;) and, if the conducting power of the cartilage of the ear were left 
out of consideration, they might be regarded as destined for no particu¬ 
lar use; but, receiving the impulses of the air, the cartilage of the ex¬ 
ternal ear, while it reflects a part of them, propagates within itself and 
condenses the rest, as all other solid and elastic bodies would do. This 
action of the cartilages of the external ear is with justice insisted on by 
M. Savart. The sonorous vibrations which it receives by an extended 
surface are conducted by it to its place of attachment. 

Regarding the cartilage of the external ear as a conductor of sonorous vibrations, 
ail its inequalities, elevations and depressions, which are useless with relation to re¬ 
flexion, becotne of evident importance; for those elevations and depressions upon which 
the undulations fall perpendicularly, will be effected by them in the most intense de¬ 
gree; and, in consequence of the various form and position of these inequalities, sonor¬ 
ous undulations, in whatever direction they may come, must fall perpendicularly upon 
the tangent of some one of them. This affords an explanation of the extraordinary 
form given to this part. 

The external ear of many animals is in every respect comparable to an ear-trumpet 
capable of being directed different ways at will, in which the undulations of the air 
are propagated onwards and concentrated at the same time, and whose parietes also 
are capable of transmitting the sonorous vibrations communicated to them. Moreover, 
this form of ear, like the ear-trumpet, lengthens the column of air of the auditory pas¬ 
sage, and increases the influence which its resonance has in rendering the sound more 
intense.* 

Solid bodies and masses of air in the neighbourhood of the labyrinth influ¬ 
encing sounds by their resonance. 

In this light we must regard, not merely the cranial bones, but all 
cartilages and membranes in the vicinity of the organ of hearing. 

By the resonance of bodies of air occupying cavities within the head 
our voice is rendered more audible, not merely to others, but also to our¬ 
selves. Any mass of air bounded by a difl'erent medium is excited to 
resonance by a sound produced near it. The circumstance of persons 
whose hearing is bad holding their mouth open while listening, appears 
to have some connection with the resonant power of the air in the 
mouth: it cannot have reference to the transmission of the sound through 
the Eustachian tubes, since a tuning-fork vibrating even at the back of 
the mouth is heard but faintly. The habit of holding the mouth open 
in persons whose hearing is imperfect, may, however, have for its objedt 
more particularly to dilate the cartilaginous portion of the auditory 
passage, which, as Elliot remarks, is effected by opening the mouth. 

At all events, the intensity which the voice of another person acquires 
when he speaks through a tube placed in front of our mouth or nostrils, 

* The great influence of the insulated column of air in increasing the intensity of the 
sounds is frequently overlooked in the case both of the ear-trumpet and of the speaking- 
trumpet 
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must depend in part on tiie resonance of the cavities containing air 
which lie in our head. 

Even the air in the external auditory passage and in the tympanum 
has an action of resonance. This is perceived when we simply elongate 
the auditory passage by inserting a tube into it. We then hear not 
merely the sound of the circulation in the ear, and of the slight move¬ 
ments of the air apparently at rest, which, without being necessarily 
sonorous undulations, produce a sound in the tube, just as a sound is 
produced in a musical pipe by a blast of wind; but every sound, as 
well that of our own voice as of external bodies, is accompanied by a 
distinct resonance. 

The propagation of sound to the labyrinth through the cranial bones com¬ 
pared with that through the tympanum. 

By the apparatus of the tympanum sonorous vibrations are com¬ 
municated to the labyrinth on its external .side, through the medium 
of the fenestrae, whence they spread in all directions through the peri¬ 
lymph or aqua Cotunnii. 

For sounds to be heard through the medium of the cranial bones 
alone, it would be necessary for the apparatus of the tympanum to be 
absent, as well as the external meatus closed. It is probable that 
sounds propagated by the air would then either be inaudible, or be 
heard with excessive faintness, while the sonorous vibrations of solid 
bodies conducted by solid media to the head would still be audible if 
the labyrinth were free from lesion. This test might be employed in 
cases of deafness, to ascertain whether the labyrinth and auditory nerve 
are sound. 

A deaf person, who is unable to hear any sound through the medium 
of the atmosphere, is nevertheless sometimes able to perceive the sound 
of strong blows upon the ground or floor, owing to the vibrations being 
conducted to his ear through the solid parts of his body. There is 
here a difficulty, however, in distinguishing between the perception of 
vibrations by the sense of touch and by the sense of hearing. All grave 
sounds act readily upon the nerves of touch; the sonorous vibrations 
are felt distinctly as tremors when the hand is applied to the thorax 
while speaking, or when a solid body emitting a sound is held in the 
hand. The sonorous vibrations excited in water by means of a musical 
pipe are not sensible to the touch when the hand is dipped in the water, 
but are perceived distinctly if a solid body held in the hand is partially 
immersed in it. This perception of sonorous vibrations by the sense of 
touch has given rise to the false notion that other nerves than the audi¬ 
tory nerve are capable of the sensation of sound. 

Of the propagation of sound to the ear by different media. 

1. By the air. —Sounds are most frequently heard through the me¬ 
dium of undulations of the air, whether these are primarily excited in 
it, or imparted to it by other bodies. Sonorous undulations are com¬ 
municated to the ear with much greater intensity if originally produced 
in the air, and not merely conducted by it from other bodies; for, in the 
transition of sonorous vibrations from other media into air, they suffer 
a diminution of their force. 
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The obstruction to the sound is still greater when it has to pass first 
from air into water, and then again from the water into air, before 
reaching the organ of hearing; hence persons in the diving-bell hear 
nothing of sounds generated in the atmosphere above. (See Gehler^s 
Physic. Worierb. viii. p. 449.) 

The loudness of sounds heard through the medium of the air is, 
moreover, influenced by its density and degree of dryness. The velo¬ 
city of sound increases with the diminution of the density of the air, 
but its intensity decreases. 

2. Direct propagation of sound to the ear (that is, to the membrana 
tympani) by water, may be observed in bathing. All sounds generated 
in the water itself are then heard very distinctly. This fact, which was 
proved by the experiments of Nollet and Monro, is known to every 
bather. Sounds produced in the air, and merely transmitted from it to 
the ear by the water, are, on the contrary, not heard well, on account of 
the considerable diminution of intensity which sonorous undulations 
undergo in their transition from air to water. 

3. Direct propagation of sound to the organ of hearing by solid 
bodies.—Sonorous undulations, excited primarily in the air, are con¬ 
ducted to the tympanum best by that medium; and, in the same man¬ 
ner, solid bodies form the best conducting medium for sounds emitted 
by solid bodies. The sound produced by striking a piece of wood or 
metal is feeble when communicated to the ear by the atmosphere only; 
while it is very intense if a cord attached to the sounding body is held 
between the teeth, or brought into contact with both ears peviously 
plugged. Thus Herhold and Rafn were enabled to conduct the sono¬ 
rous vibrations produced by striking a spoon so perfectly, by means of 
a cord fixed to it, that at the distance of three hundred yards it still 
sounded like a bell. The use of the ear-trumpet consists partly in the 
undulations of the air being conducted to the ear with undiminished 
intensity, and partly upon the resonance of the column of air contained 
in the trumpet; but its effect is also increased by the vibrations of the 
resounding walls of the tube being communicated immediately to the 
solid parietesof the meatus auditorius. Of this we may easily convince 
ourselves by holding the ear-trumpet by the side between our teeth 
while our ears are stopped, and then causing another person to speak 
into the month of the tube." the condensation of the undulations of the 
air in the tube can here have no influence; and, nevertheless, an ex¬ 
tremely loud sound is heard, which is due to the resonance of the tube 
itself, but which, if conducted to the ear by the atmosphere only, would 
be scarcely heard. 

The immediate propagation of sound by solid parts to the organ of 
hearing comes into play also when the ear is applied to the surface of 
the ground for the purpose of listening. The sounds are heard still 
better if the ear is stopped, and the plug touches the ground. 

The stethoscope again affords us an example of the propagation of 
sounds from solids, through other solid bodies, to the solid parts sur¬ 
rounding the organ of hearing. The use of the stethoscope has but 
little advantage over the application of the bare ear, except so far as 
the sound is increased in intensity by the resonance of the tube. With 
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its ordinary construction, the stethoscope conducts sounds to the ear in 
two ways,—namely, by its solid portion, which receives the sonorous 
undulations from the solid body yielding the sound, and transmits them 
to the solid parts of the head around the organ of hearing; and by the 
column of air in its interior, which receives the sound also from the 
solid body, but transmits them through the air of the meatus externus 
to the membrana tympani. The interior column of air is a much less 
etfective conducting medium than the wooden tube around, on account 
of the difficulty attending the transition of sonorous vibrations from 
solids to air, but it is of use by its resonance. Hence a simple solid rod 
does not answer the purpose of a stethoscope. Sounds may be heard, 
however, very distinctly by means of a mere rod, if the ear be stopped 
by a plug of chewed paper, and the one end of the rod be applied, not 
to the plug itself, on account of the sound of friction which would be 
produced, but to the external ear near it. Here the sonorous undula¬ 
tions are communicated more completely to the walls of the external 
meatus by means of the plug, and are thence propagated to the mem¬ 
brana tympani. 

In cases of deafness, where the undulations of the air do not make 
sufficient impression even with the aid of an ear-trumpet, it is some¬ 
times of use to convert the undulations of the air into undulations of 
solid bodies, and conduct these to the organ of hearing by solid media. 
This is best effected, when the object is to hear the voice of another 
person, by causing him to direct his voice into a basin, whence it is 
conducted to the ear by a rod held between the jteeth, or applied to a 
plug inserted into the meatus auditorius of the deaf person.* 

3. Acoustic properties of the labyrinth. 

The fluid of the labyrinth, aquula Cotunnii, or perilymph, first claims 
our attention as the most general and constant of the acoustic provisions 
of the labyrinth. In all forms of organs of hearing, the sonorous vibra¬ 
tions affect the auditory nerve through the medium of a fluid. On this 
account, the vibration of the particles in the nerve itself will probably 
be much more uniform in character than if merely the surfaces of the 
nerve had been in contact with solid parts; in which case, the more in¬ 
ternal particles of the nerve, being distant from the surface of the solid 
bone, would be acted on in a different manner from the more superficial 
particles. Mm\cke {Gehler's Physik. Wbrterh. 'w. 2, p. 1211,) remarks, 
with reference to the fluid of the labyrinth, that water, although ill- 
adapted for the generation of sound, is nevertheless an excellent con¬ 
ductor of it, even a better one than air. This I cannot admit; it can 
be true only with respect to the velocity of the propagation of sound; 
the undulations of air are conducted with least loss of intensity by air, 
those of water by water. 

The passages called aqueducts appear to me to merit no consideration 
in relation to the physiology of hearing. They contain neither mem¬ 
branous canals nor fluid, nor even venous trunks, but merely serve to 
bring the periosteum of the cranial bones and dura mater into connection 

* All the experiments of this kind on the hearing of deaf persons by means of solid conduc¬ 
tors, are collected in the works of Chladni, (Akustik, p. 262, 286,) and Lincke (op. cit. p. 530.) 
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with the internal periosteum of the labyrinth. {Muller*s Archiv. 1834, 

p. 22.) 

There are three grades of development of the labyrinth: l,a mere 
vestibule with a sacculus; 2, a vestibule with semicircular canals, and 
a membranous labyrinth of correspondent form; 3, the preceding parts 
with the cochlea. 

Vestibule, semicircular canals .—The function usually ascribed to the 
semicircular canals is that which Scarpa attributed to them; namely, 
the collecting of the sonorous undulations from the bones of the cra¬ 
nium. Canals generally influence sound by the resonance of their con¬ 
tents, by the condensed propagation of the sonorous undulations in 
their interior, and by the resonance of their walls. 

No influence can be attributed to the canals of the labyrinth as re¬ 
sulting from the resonance of their contents; for water bounded by solid 
bodies is capable of perhaps no perceptible resonance, its undulations 
not being reflected by its surfaces when thus bounded. Water seems to 
be little adapted, also, for collecting sonorous undulations from sur¬ 
rounding solid bodies. 

It may therefore be inferred, that though the semicircular canals have 
probably in some degree the power of conducting sounds in the direction 
of their curve, yet this conducting power is in them much less perfect 
than in tubes containing air. Some slight increase of intensity of the 
impression on the nerve of hearing, will result from the circumstance 
that the same undulation which enters one extremity of a semicircular 
canal from the vestibule will return with a part of its force by the other 
extremity. Dr. Young has ascribed some importance to this circum¬ 
stance. 

This degree of reinforcement of the impression of hearing by means 
of the semicircular canals, will take place even when the impulse is 
communicated to the labyrinth, not through the fenestrse, but by the 
cranial bones, as in fishes, and partly in man. 

The resonance of the bony walls of the semicircular canals, excited 
by sonorous undulations in their fluid contents, comes next under con¬ 
sideration. It is found that when sonorous vibrations are imparted to 
solid surfaces in contact with water, the sound is, caeteris paribus, 
always heard with greater intensity near these surfaces than in other 
parts of the fluid; in an experiment to verify this fact, the conducting- 
rod of course must not actually touch the solid surface. If two such 
resounding surfaces are situated very near to each other, the sonorous 
undulations of the water between them have necessarily greater inten¬ 
sity. 

If, then, we admit that the membranous semicircular canals have the conditions 
requisite for collecting the sonorous undulations of the cranial bones in their fluid con¬ 
tents, and for conducting them through their curved cavity more readily than they are 
carried off by the surrounding hard parts in the original direction of the undulations 
or impulses, the increased intensity of the sonorous vibrations thus attained will be of 
advantage in acting on the auditory nerve vvhere it is expanded in the ampullae of the 
canals, and in the sinus communis. Where the membranous canals are in contact 
with the solid parietes of the tubes, this action must be much more intense. But the 
membranous semicircular canals must have a function independent of the surrounding 
hard parts; for in the Petromyzon they are not separately enclosed in solid substance, 
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but lie in one common cavity with the sinus communis,—a fact of great physiological 
importance.* 

Autenrieth and Kerner imagined that the different canals had the power of making 
ns acquainted with the direction whence sound comes. But we do not appear to have 
any perception of the direction of sound, except as far as we can judge from its acting 
more strongly on one ear than on the other, or from the difference in its intensity 
according as the direction of the external ear and concha is varied. Even supposing 
we were able to distinguish the direction of the impulse of the vibrating particles 
acting upon our auditory nerve, this direction would always be twofold; for, after 
giving the impulse, the particles vibrate in the opposite direction, and this alternation 
of movement is regularly repeated in the production of a musical sound. 

The otolites or calcareous lapilli\ found in the labyrinth of fishes and fish-like Am¬ 
phibia, and the crystalline pulverulent masses which supply their place in other animals, 
would necessarily reinforce the sonorous vibrations by their resonance, even if they 
did not actually touch the membranes upon which the nerves are expanded; but, inas¬ 
much as these bodies lie in contact with the membranous parts of the labyrinth, they 
communicate to these membranes and the nerves vibratory impulses of greater inten¬ 
sity than the aquula Cotunnii can impart. Sonorous undulations in water are not 
perceived by the hand itself immersed in the water, but are felt distinctly through the 
medium of a rod held in the hand. 

This appears to me to be the real office of the lapilli and crystalline pulpy masses 
in the labyrinth. The opinion that the crystalline particles of these masses are, 
during the action of sonorous undulations on the ear, thrown off from the internal 
surface of the membranous labyrinth in the same way that dust or sand is thrown into 
motion upon vibrating solid laminae and membranes, is not confirmed by experiment; 
for the dust floating on water does not present the slightest appearance of movement 
during the passage of sonorous undulations. 

The cochlea .—In investigating the acoustic properties of the labyrinth, 
it becomes necessary that we should inquire the direction in which 
impulses and undulations are propagated in the solid parts and fluid of 
the apparatus. 

By summing up the experiments in this head, we should say that 
the spiral lamina of the cochlea must be regarded as a surface upon 
which all the fibres of the cochlear nerve are spread out, so as to be 
nearly simultaneously exposed to the impulse of the sonorous undula¬ 
tion, and simultaneously thrown into the maximum state of condensa¬ 
tion, and again into the maximum state of rarefaction. According to 
this view of the use of the cochlea, it would make no essential differ¬ 
ence if the nervous fibres were spread out upon several distinct circular 
plates surrounding the modiolus, instead of a continuous spirally wound 
lamina; but the latter form employed by nature has this advantage, 
that all parts of the spiral lamina are so connected with each other, 
that an impulse to one part is communicated more readily to the others. 

The convoluted form of the cochlea serves also the purpose of afford¬ 
ing in a small space a considerable extent of surface required for the 
expansion of the nervous fibres. 

The object which nature has sought to attain in the cochlea seems 
to be the spreading out of the nervous fibres upon a solid lamina which 

* Mr. Pilcher (in his work on the Structure and Diseases of the Ear) has collected accounts 
of numerous cases of congenital deafness, in which malformations of the internal ear, par¬ 
ticularly of the semicircular canals, were found to exist. 

t The otolites of the osseous fishes have a structure similar to that of the enamel of teeth. 
Those of the zander (Perea lucioperca), for example, are formed of laminse with a zone-like 
arrangement, in which a regular fibrous structure is at once evident. If laminse of these 
bodies ground thin be treated with muriatic acid, they are seen to be constituted of acumi- 
nated bodies, exactly like those which 1 have described as existing in the enamel before it 
has become hardened. (Poggendorf’s Annal. 38.) 
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should communicate with the solid walls of the labyrinth and cranium, 
at the same time that it is in contact with the fluid of the labyrinth; 
and which, besides exposing the nervous fibres to the influence of sono¬ 
rous undulations by two media, should be itself insulated by fluid on 
either side. In accordance with this view, we can explain all the 
acoustic provisions of the cochlea. 

The connection of the lamina spiralis with the solid walls of the labyrinth adapts 
the cochlea for the perception of the sonorous undulations propagated by the solid 
parts of the head and the walls of the labyrinth. This use of the cochlea has been pre¬ 
viously pointed out by Professor E. H. Weber. {Anmt. Anatomicae et Physiologicae. 
Lips. 1834.) The membranous labyrinth of the vestibule and semicircular canals is 
suspended free in the liquor Cotunnii, and is evidently destined more particularly for 
the perception of sounds through the medium of that fluid, whether the sonorous un¬ 
dulations are imparted to the fluid by the intervention of the cranial bones, as in fishes 
and in man, when sounding bodies are brought into communication with his head or 
teeth, or through the fenestrse. The membranous labyrinth is certainly exposed to 
the influence of the resonance of the bony parietes of the labyrinthic cavity; for 
sonorous undulations in water are, as I have shown, heard with greatest intensity in 
the vicinity of solid walls; but yet it remains strictly true that the membranous laby¬ 
rinth is acted on immediately only by the undulations of a fluid. The spiral lamina 
on which the nervous fibres are expanded in the cochlea is, on the contrary, continu¬ 
ous with the solid walls of the labyrinth, and receives directly from them the impulses 
which they transmit. This is an important advantage; for the impulses imparted by 
solid bodies have, caeteris paribus, a greater absolute intensity than those communi¬ 
cated by water. 

This is not, however, the sole office of the cochlea; the spiral lamina, 
as well as the membranous labyrinth, receives sonorous impulses 
through the medium of the fluid of the labyrinth from the cavity of the 
vestibule and from the fenestra rotunda. The lamina spiralis of man 
and Mammalia is indeed much better calculated to render the action of 
these undulations upon the auditory nerve efficient than the membra¬ 
nous labyrinth; for, as a solid body insulated by a different medium, it 
is capable of resonance. 

Lastly, it may be observed that the object of the fibres of the nerve 
being spread out singly upon the lamina spiralis is evident. In the first 
place, it insures a more complete participation of the fibres in the im¬ 
pulses communicated by the solid parts of the cochlea; and, secondly, 
the intensity with which the sonorous undulations are communicated 
to a body is proportionate to the extent of surface over which they 
can act on it. Thus, when a sound is excited in water, and is con¬ 
ducted to the stopped ears by means of a rod, the intensity of the 
sound heard increases with the depth to which the rod is immersed in 
the water, or with the extent in which it is in contact with the surface 
of the water. 


CHAPTER III. 

OF THE ACTIONS OF THE AUDITORY NERVE. 

Influence of the mind in hearing .—The perception of the direction 
of sounds is not a faculty of the sense of hearing itself, but is an act of 
judgment which founds it on experience previously acquired. From 
the modifications which the sensation of sound undergoes according to 
the direction in which the sound reaches us, the mind infers the position 
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of the sounding body. The only true guide for this inference is the 
more intense action of the sound upon one than upon the other ear. 
But even here there is room for much deception by the influence of re¬ 
flection, or resonance, and by the propagation of sound from a distance 
without loss of intensity through curved conducting-tubes filled with 
air. By means of such tubes, or of solid conductors which convey the 
sonorous vibrations from their source to a distant resonant body, sounds 
may be made to originate apparently in a new situation. 

The 'direction of sound may also be judged of by means of one ear 
only; the position of the ear and head being varied, so that the sonorous 
undulations at one moment fall upon the ear in a perpendicular direc¬ 
tion, at another moment obliquely. 

When neither of these circumstances can guide us in distinguishing 
the direction of sound, as when it falls equally upon both ears, its source 
being, for example, either directly in front or behind us, it becomes im¬ 
possible to determine whence the sound comes: this, which has been 
demonstrated by Venturiui’s experiments, (VoigVs Magazin, Bd. 2,) 
is a necessary consequence of physical laws. Undulations give not 
merely the impulses of condensation in one direction, but that of rare¬ 
faction in the opposite; and, when several undulations succeed one 
another, these impulses in opposite directions regularly alternate. If, 
therefore, the nerves were capable of distinguishing the direction of 
impulses, no means would thus be afforded for determining whether a 
sound came in one direction or in the opposite. 

Ventriloquists take advantage of the difficulty with which the direc¬ 
tion of sounds is recognised, and also of the influence of the imagination 
over our judgment, when they direct their voice in a certain direction, 
and at the same time pretend themselves to hear the sounds coming 
from thence. 

The distance of the source of sounds is not recognised by the sense 
Itself, but it is inferred from their intensity. The sound itself is always 
seated but in one place, namely, in our ear; but it is interpreted as 
coming from an exterior soniferous body. When the intensity of the 
voice is modified in imitation of the effect of distance, it excites the 
idea of its originating at a distance; and this also is taken advantage of 
by ventriloquists. 

The mind has, however, the power of influencing the act of sensation 
itself,—of voluntarily increasing its intensity, as in “ listening.’’ By 
the faculty of attention we can distinguish one sound out of several or 
many others,—can follow the tones of one instrument in a full orchestra. 

When two persons address their speech to our opposite ears simulta¬ 
neously, the two impressions conveyed to the sensorium become mixed; 
and it is only by great exertion of the attention, and by the aid of a 
difference of tone of the two voices, that we are enabled to follow the 
sounds of one exclusively, disregarding those of the other, which are 
then heard as a more or less indistinct murmur. When the activity of 
the sensorium is not directed to the impressions communicated to it by 
the auditory nerves, sounds that exist are not heard; or, what frequently 
happens, a sound may be so faint, that, on account of the mind being 
directed to other objects, it is for a moment disregarded, but is heard as 
65 
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soon as the attention is recalled to it. Similar phenomena are observed 
to occur in the case of the other senses. 

Acuteness of hearing .—The sense of vision may vary in its degree 
of perfection as regards either the faculty of adjustment to different dis¬ 
tances, the power of distinguishing accurately the particles of the retina 
affected, sensibility to light and darkness, or the perception of the differ¬ 
ent shades of colours. In the sense of hearing there is no parallel to 
the faculty by which the eye is accommodated to distance, nor to the 
perception of the particular part of the nerve affected; but just as one 
person sees distinctly only in a bright light, and another only in a 
moderate light, so in different individuals the sense of hearing is more 
perfect for sounds of different pitch: and just as a person, whose vision 
for the forms of objects, &c. is acute, nevertheless distinguishes colours 
with difficulty, and has no perception of the harmony and disharmony 
of colours, so one, whose hearing is good as far as regards the sensibility 
to feeble sounds, is sometimes deficient in the power of recognising the 
musical relation of sounds, and in the sense of harmony and discord; 
while another individual, whose hearing is in other respects imperfect, 
has these endowments. 

Many persons, whose hearing is good, are incapable of perceiving very high or 
acute tones; Dr. Wollaston observed several instances of this kind: while deaf per¬ 
sons sometimes hear shrill sounds very well. Among the causes of this latter con¬ 
dition is, as we have before remarked, a state of too great tension of the membrana 
tympani, in whatever way produced. Many deaf people hear sounds, which are not 
very intense, better when a loud noise prevails at the same time. Of this condition, 
paracusis Willisiana, two instances are described by Willis: one was that of a person 
who could only maintain a conversation when a drum was beat near him; in the other 
case, the individual could hear only while a bell was ringing. Similar cases have 
been observed by Holder, Bachmann, Fielitz; (see Muncke, in Gehler's Physic. Wor- 
ierbuch, iv. 2, p. 1220,) they are, perhaps, to be attributed to a state of torpor of the 
auditory nerve, which requires to be roused before it can exercise its functions. 
Sometimes, however, the circumstance of a deaf person hearing particular sounds 
during a great noise as well as other people who are not deaf, may arise from his 
being much less disturbed by the noise than they. It is thus that a deaf person 
explains the fact that, when travelling in a close carriage, he can take a part very 
well in conversation. His companions, he says, do not then hear each other’s 
voices better than he, because the noise of the carriage is heard much more loudly 
by them. Excessive acuteness of hearing, hyperacusis, arises from a state of too 
great excitability of the auditory nerve, and corresponds to the photophobia of 
vision. 

The causes on which the defect of a musical ear depends, are unknown. A person 
who is deficient in the sense of musical intervals, harmonies, and discords, will be a 
bad singer, though he have a good voice. 

Sympathies of the auditory nerve .—Irritation or excitement of the 
auditory nerve is capable of giving rise to movements in the body, and 
to sensations in other organs of sense. In both cases it is probable that 
the laws of reflexion through the medium of the brain come into play. 
An intense and sudden noise excites in every person closure of the eye¬ 
lids, and in nervous individuals a start of the whole body. The second¬ 
ary sensations induced by impressions on the sense of hearing are 
principally seated in the nerves of touch, or common sensation. A 
sudden noise excites in persons of excitable nervous system an unplea¬ 
sant sensation, like that produced by an electric shock, throughout the 
body, and sometimes a particular feeling in the external ear. Various 
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kinds of sounds, such as the friction of paper, or scratching of glass, 
cause in many people a disagreeable feeling in the teeth, or, indeed, a 
sensation of cold trickling through the body. Intense sounds are said to 
make the saliva collect in the mouth in some people.* 

The sense of hearing may in its turn be affected by impressions on 
many other parts of the body; but this is observed especially in diseases 
of abdominal viscera, and in febrile affections. Here, also, it is probable 
that the central organs of the nervous system are the media through 
which the impression is transmitted. 


SECTION III. 

OF THE SENSE OF SMELL. 

CHAPTER 1. 

' OF THE PHYSICAL CONDITIONS FOR THE PERCEPTION OF ODOURS. 

The sense of smell ordinarily requires for its excitement to a state of 
activity the action of external matters, which produce certain changes 
in the olfactory nerve; and this nerve, like that of taste, is susceptible 
of an infinite variety of states dependent on the nature of the external 
stimulus. 

The first condition essential to the sense of smell is the existence of 
a special nerve, the changes in whose condition are perceived as sensa¬ 
tions of odour; for no other nerve is capable of these sensations, even 
though acted op by the same causes. The same substance which ex¬ 
cites the sensation of smell in the olfactory nerves causes a peculiar 
taste in the nerve of taste, and may produce an acrid and burning sen¬ 
sation in the nerves of touch. The opinion of Kant, that smell is dis¬ 
tant taste, appears to me to be incorrect. 

The second condition of smell is a peculiar condition of the olfactory 
nerve, or a peculiar change produced in it by the stimulus or odorous 
substance. 

The material causes of odours are, in the case of animals living in 
the air, substances suspended in a state of extremely fine division in the 
atmosphere; or gaseous exhalations, often of so subtile a nature that they 
can be detected by no other re-agent than the sense of smell itself. In 
fishes the odorous matters are contained in the water; but in what form, 
—whether dissolved in the same manner as the gases absorbed by 
water,—is uncertain. The solution of these matters in water is clearly 
no reason for denying the sense of smell to fishes, or for placing the 
sense of taste in their nares; for the essential characteristic of the sense 
of smell consists, not in the gaseous nature of the odours, but in the 
special sensibility of certain nerves, and in its difference from the sen¬ 
sibility with which the nerves of taste are endued. The matters of 

* Many other examples of sympathy of this kind have been collected by Tiedemann, 
(Zeitschrift f. Physiol. B. i. H. 2,) and Lincke (op. cit. p. 567). 
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odours, also, must in all cases be dissolved in the mucus of the mucous 
membrane before the 7 can affect the olfactory nerves, and their state 
in the mucus must be the same as that in which they are contained in 
water. On the other hand, the nerve of taste is not acted on solely by 
liquid and solid matters; gaseous substances also are sometimes tasted 
when, like sulphurous acid, and many other gaseous bodies, they are 
capable of being dissolved in the fluid covering the tongue. It may, 
therefore, be easily conceived that the very same principle will produce 
different sensations in the organs of smell and taste; in the former the 
sensation of a particular odour, in the latter that of a peculiar taste. 
The observation of Treviranus, that in animals living in the air the 
organ of smell is comparable to a lung, in fishes to a gill or branchia, 
is, to a certain extent, correct and ingenious; but it would be as erro¬ 
neous to suppose that the odorous matters dissolved in water must be 
converted into the gaseous state before acting on the olfactory nerve, as 
that the gases absorbed and dissolved in the water must be restored to 
the form of gases in the branchiae before being taken up into the blood. 
The state in which these gases are contained in the blood is, indeed, 
the same as that in which they exist in the water. Lastly, it is to be 
observed that the olfactory nerves of fishes are identical with the ol¬ 
factory nerves of all other animals; they arise from the same parts of 
the brain, the lobi olfactorii, which, even in Mammalia, exist in the form 
of the olfactory bulb. 

A further condition necessary for the perception of odours is, that the mucous mem¬ 
brane of the nasal cavity be moist; for, as we have already observed, the moisture of 
the mucous surface is the vehicle through the medium of w'hich the odorous matters 
are more immediately applied to the nerves. When the Schneiderian membrane is 
dry, the sense of smell is lost; thus, in the first stage of catarrh, when the secretion 
of mucus within the nostrils is lessened, the faculty of perceiving odours is either 
lost, or rendered very imperfect. 

In animals living in the air, it is also requisite that the odorous matters should be 
transmitted in a current through the nostrils. This is effected by the respiratory move¬ 
ments: hence we have voluntary influence over the sense of smell; for by interrupting 
respiration we prevent the perception of odours, and by repeated inspirations render 
their impression more intense. 

In aquatic animals this influence over the sense by voluntary movement does not 
exist; for in them the nostrils are generally closed posteriorly, and do not communicate 
directly with the respiratory organs. Yet even here the effect which the cnrrent through 
the nostrils would produce is attained in another way,—namely, by the constant cur¬ 
rent into the mouth, and from the branchial apertures, which is maintained by the 
movements of the branchial operculum. 


CHAPTER II. 

OF THE ORGAN OF SMELL. 

In Mammalia the nasal apparatus includes the labyrinth of the ethmoid bone, the 
turbinated bones, and the accessory sinuses opening into the nasal cavity. The de¬ 
velopment of surface in the inferior turbinated bone is very remarkable. The most 
peculiar forms are presented on the one hand by the Ruminantia, Solidungula, &c.; on 
the other, by the Carnivora. In the former orders, the inferior turbinate bone is, at its 
line of attachment, a simple lamina, which afterwards divides into an upper and a 
lower lamella, of which the first is rolled upwards like a scroll of paper, the other 
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downwards in the same form. In Carnivora the lamina divides into branches, which 
give off side branches, much in the manner of the arbor vitae of the cerebellum. Com¬ 
pared with these states of development, the condition of the turbinated bones in the 
human subject appears quite rudimentary. The organs discovered by Stenson main¬ 
tain a communication between the nasal cavity and mouth at the situation of the 
foramen incisivum in many Mammalia. These canals must not be confounded with 
the partly membranous, partly cartilaginous, tube observed by Jacobson, which lies 
on the floor of the nostrils, between the vomer and the mucous membrane, and 
communicates with the canals of Stenson. The function of these parts is not known.* 

The accessory cavities or sinuses communicating with the nostrils 
seem to have no relation to the sense of smell. Air impregnated with 
the vapour of camphor was injected by Deschamp into the frontal sinus 
through a fistulous opening, and Richerand injected odorous substances 
into the antrum of Highmore; but in neither case was any odour per¬ 
ceived by the patient. Nature seems to attain nearly the same object 
whether she fills the cavities of bones with air or with fat; in either 
way she renders the bones lighter than they would be were they solid 
throughout. In birds many bones are filled with air; those of the 
trunk through the medium of the lungs, those of the head through the 
Eustachian tube: in man certain bones of the head only contain air, 
namely, the mastoid process of the temporal bone, and the bones 
bounding the nasal cavity. The mucous membranes both of the nares, 
and of the sinuses opening into them, presents the ciliary motion in all 
animals. 

The process by which the stimulus is conveyed to the nerve, in the 
senses hitherto considered so complex, is here very simple. The 
odorous matters suspended in the air in the form of vapour, or some¬ 
times, perhaps, of a very fine powder, are brought into contact with 
the sentient mucous surfaces by the current to which the respiratory 
movements give rise. A current of air from within outwards some¬ 
times excites the sensation of odour, as in the case of odorous sub¬ 
stances being developed in the respiratory organs, or when such 
matters developed in the digestive organs are expelled upwards by 
eructation. 

It only remains for us here to consider the mode in which the per¬ 
ception of odours may be rendered more acute or prevented. We are 
able to avoid the perception of unpleasant odours, by interrupting in¬ 
spiration through the nose. By inspiring the odorous vapours through 
the nostrils with greater force, or by repeating the inspiration frequently, 
we can render their impression greater. In tracking by the scent, ani¬ 
mals seek the part of the atmosphere containing the odorous matters by 
making rapidly-repeated inspirations in different directions, and then 
follow the scent to its source by the same means. The perception of the 
odorous matters also may be favoured by the wind. In this way rumi¬ 
nant animals, without tracking the scent, are believed frequently to 
perceive odours developed at a distance. 

Besides the sense of smell, the nasal cavities are also endowed with common sensi¬ 
bility by the nasal twigs of the first and second divisions of the fifth nerve. Hence 
the sensations of cold, heat, itching, tickling, and pain, and the sensation of tension 
or pressure in the nostrils. That these nerves cannot perform the function of the 

* See Rosenthal in Tiedemann’s Zeitschrifl f. Physiol, ii. p. 289. With reference to the 
pretended absence of olfactory nerves in the Cetacea, see page 589. 
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olfactory nerves is proved by the cases in which the sense of smell is lost; while the 
mucous membrane of the nose remains susceptible of the various modifications of 
common sensation or touch. It is often difficult to distinguish the sensation of smell 
from" that of mere feeling, and to ascertain what belongs to each separately. This is 
the case particularly with the sensations excited in the nose by acrid vapours, as of 
ammonia, horseradish, and mustard, &c. which resemble much the sensations of 
the nerves of touch; and the difficulty is the more apparent when- it is remembered 
that these acrid vapours have nearly the same action upon the mucous membrane of 
the eyelids. 


CHAPTER III. 

OF THE ACTION OF THE OLFACTORY NERVES. 

Ani;mals do not all equally perceive the same odours; the odours 
perceived by a herbivorous animal and by a carnivorous animal are 
different. The cause of this difference must lie in the endowments of 
the central parts of the olfactory apparatus. The Carnivora have the 
power of detecting most accurately by the smell the special peculiarities 
of animal matters, and of tracking other animals by the scent; but have 
apparently no sensibility to the odours of plants and flowers. Man 
is far inferior to carnivorous animals in respect of the acuteness of 
smell, but his sphere of susceptibility to odours is more uniform and 
extended. 

Opposed to the sensation of an agreeable odour is that of a disagree¬ 
able or disgusting one, which corresponds to the sensations of pain, 
dazzling and disharmony of colours, and dissonance, in the other senses. 
The cause of this difference in the effect of different odours is unknown, 
but thus much is certain, that odours are pleasant or offensive in a 
relative sense only, for many animals pass their existence in the midst 
of odours which to us are highly disagreeable. A great difference in 
this respect is, indeed, observed amongst men. Many odours generally 
thought agreeable are to some persons intolerable: the smell of burnt 
horn is to many persons unpleasant; to others, who are not at all fan¬ 
ciful, agreeable. To many individuals mignonette does not smell very 
sweet; but rather herb-like, as Blumenbach observes, and as I expe¬ 
rience in my own person. We have no exact proof that a relation of 
harmony and discord exists between odours, as between colours and 
sounds; though it is probable that such is the case, since it certainly 
is with regard to the sense of taste. It is also not certain that sensa¬ 
tions of odours continue after the impression of the odorous matter has 
ceased, though we can scarcely imagine that such is not the case. It is 
difficult to ascertain this point by direct observation; the cadaverous 
odour, which is frequently retained in the nose very long after post¬ 
mortem examinations, cannot be regarded as a proof, since it probably 
arises from some of the odorous matter remaining dissolved in the mucus 
of the nostrils. 

The sensations of the olfactory nerves, independent of the external application of 
odorous substances, have hitherto been little studied. It has been found that solutions 
of inodorous substances, such as salts, excite no sensation of odour when injected into 
the nostrils. The friction of the electrical machine is, however, known to produce a 
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smell like that of phosphorus. Ritter, too, has observed, that when galvanism is 
applied to the organ of smell, besides the impulse to sneeze, and the tickling sensa¬ 
tion, a smell like that of ammonia was excited by tbe negative pole, and an acid odour 
by the positive pole; whichever of these sensations was produced, it remained constant 
as long as the circle was closed, and changed to the other at the moment of the circle 
being opened. Frequently a person smells something which is not present, and which 
other persons cannot smell; this is very frequent with nervous people, but it occa¬ 
sionally happens to every one. In a man who was constantly conscious of a bad 
odour, the arachnoid was found after death, by MM. Cullerier and Maignault, to be 
beset with deposits of bone; and in the middle of the cerebral hemispheres were scro¬ 
fulous cysts in the state of suppuration. Dubois was acquainted with a man who, 
ever after a fall from his horse, which occurred several years before his death, believed 
that he smelt a bad odour. 

Whether substances which have a strong odour would, when introduced into the 
circulation, excite the olfactory nerve to the perception of the odour, has not been ascer¬ 
tained experimentally. 

No senses are so intimately connected with the instinctive operations of the animal 
economy, as are smell and taste. Odours excite powerfully the sexual impulse of 
animals, and, by their influence on the brain and spinal cord, give rise to the actions 
connected with that impulse.* 


SECTION IV. 

OF THE SENSE OF TASTE. 

CHAPTER I. 

OP THE PHYSICAL CONDITIONS POR TASTE. 

The conditions for the perception of taste are;—1, the presence of 
the nerve with special endowments; 2, the irritation of this nerve by 
the sapid matters; 3, the solution of these matters in the secretions of 
the organ of taste. The mode of action of the substances which excite 
taste can hardly be mechanical, any more than that of odorous matters; 
but must rather consist in the production of a change in the internal 
condition or material composition of the nerve by matters in solution; 
and, according to the difference of these matters, an infinite variety of 
changes of condition, and consequently of tastes, may be induced in the 
nerve. It cannot, however, be affirmed that the excitement of taste by 
a mechanical impression on the nerve of taste is absolutely impossible. 
Pressure, traction, pricking, and friction excite in the tongue only varie¬ 
ties of common sensation, it is true; but Henle has observed that a small 
current of air directed upon the tongue gives rise to a cool saline taste, 
like that of saltpetre, and the mechanical irritation of the fauces and 
palate produces the sensation of nausea, which has no affinity to the 
various modifications of touch or common sensation, but is so allied to 
taste that it cannot be separated from it.t Electricity is the only im¬ 
ponderable principle which excites taste. 

As a general rule, the matters to be tasted must either be in solution 
or be soluble in the moisture covering the tongue; insoluble substances 

• An account of the facts known with regard to the sense of smell was published by H. 
Cloquet at Paris, in 1821, under the title of “ Osphresiologie.” 

I The translator has shown, in a preceding page, that a distinct sensation of taste, 
similar to that caused by electricity, may be produced by a mechanical stimulus 
applied to the papillae of the tongue. 
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produce merely sensations of touch. It is a matter of doubt whether 
the mere contact of a moist animal substance used as food with the 
vital organ of taste can excite its specific sensation independently of 
the matters contained in solution within the mass of food. Some 
gases, however, as sulphurous acid gas, are capable of exciting the 
sense of taste. 

For a perfect action of a sapid, as of an odorous substance, it is 
necessary that the sentient surface should be moist. There are no 
other means for conducting the stimulus to the nerve in this sense than 
the mucous secretion of the tongue. Hence the investigation here, as 
in the case of the sense of smell, is rendered very simple. 


CHAPTER II. 

OP THE ORGAN OP TASTE. 

The sense of taste has its seat in the fauces, but more especially in 
the tongue, which, nevertheless, is in many animals more important as 
an organ of deglutition. On account of this latter circumstance, the 
numerous varieties of form presented by the tongue in the animal series 
have little interest with reference to the sense of taste, and need not 
here engage our attention. 

In man the contact of the finger or any solid body with the soft 
palate excites the sensation of nausea, which might certainly be ex¬ 
plained by supposing it to result from the impression being reflected 
upon the nerves of taste; but the sensibility of the palate to sapid 
substances is proved by the experiments of Dumas, Autenrieth, Horn, 
Lenhossec, Treviranus, and Bischoff; and when I rub upon the velum 
palati a small piece of Swiss cheese, I perceive distinctly its taste in the 
palate. It has been demonstrated by the experiments of Dupuytren, 
Mayo, and myself, that the ninth, or hypoglossal, is the motor nerve of 
the tongue, and the lingual branch of the fifth the sensitive nerve; 
for these experiments have proved that irritating the hypoglossal 
nerve by galvanism, or mechanically, excites muscular contractions in 
the tongue, while division of the lingual nerve gives rise to violent pain. 
Experiments made to ascertain whether the lingual branch of the fifth 
nerve has any motor power require to be performed with the same 
precautions as experiments upon the roots of the spinal nerves. The 
nerve must first be divided, and the peripheral portion thus cut off from 
its communication with the central organs of the nervous system alone 
irritated. If the lingual branch of the fifth nerve be subjected to 
irritation, while yet in connection with the brain and spinal cord, mus¬ 
cular contractions may be excited in the tongue and other parts by 
reflexion, as I have myself once recently observed. 

With respect to the controversy as to whether the lingual branch of the fifth, or the 
glossopharyngeal nerve, be the nerve of taste; we have already stated the principal 
arguments (see page 590). (See also Bischoff, in the Encyclop. Woribuch der Med. 
Wissenchnft.) Professor R. Wagner, {Froriep's Notiz. 1837, «. 75,) has adopted 
Panizza’s view, on the ground of physiological as well as anatomical facts; Valentin 
and Bruns also have arrived at a similar conclusion from the results of their experi¬ 
ments; while those of Kornfeld, Gurlt, and myself, favour the opposite opinion,—- 
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namely, that the lingual branch of the fifth is the principal nerve of taste. (See Mul‘ 
ler's Archiv, 1838, p. cxxxiv.; and Valentin's Report, 1837, p. 221.) I cannot regard 
Valentin’s experiments as conclusive proofs of the sense of taste residing in the glos¬ 
sopharyngeal nerve, since a fortnight after the division of the nerve the animal is 
stated to have begun to taste again. This period is so short as even to render it pro¬ 
bable that taste was never lost. Dr. Alcock’s experiments {Med. Gaz. 1836, Nov.; 
and Dublin, vol. x. p. 260) have not decided the question. The perception of bitter 
substances was not lost after division of the glossopharyngeal nerve; it was lost at the 
anterior part of the tongue only, when the lingual nerve was divided. He believes 
the sense of taste to be seated not only in the glossopharyngeal nerve and the lingual 
branch of the fifth, but also in the palatine branches of the fifth; the experiments 
with respect to the latter nerves were not decisive. 

The pathological observations, showing loss of taste accompanying 
lesion of the fifth nerve, as in the cases detailed by Parry, Bishop, and 
Romberg, are very important. In Mr. Bishop’s case, the pressure of a 
swelling upon the divisions of the fifth nerve was productive of loss of 
taste in the corresponding half of the tongue. [Med. Gaz. 1833; and 
Midler’s Archiv. 1834, p. 132.) The case related by M. Romberg 
[Muller’s Archiv. 1838; Heft iii.) is that of a person in whom taste and 
common sensibility were lost in one half of the tongue; and here, also, 
the commencement of the third branch of the fifth nerve was found 
acted on by a small tumour, while the glossopharyngeal nerve was 
healthy. 

It appears to me certain, both from the experiments of Magendie, 
Gurlt, Kornfeld, and myself, as well as from the pathological observa¬ 
tions of Parry, Bishop, and Romberg, that the lingual branch of the fifth 
is the principal nerve of taste of the tongue; but I do not regard it as 
proved that the glossopharyngeal nerve has no share in the perception 
of taste at the posterior part of the tongue and in the fauces. M. Rom¬ 
berg ascribes to it the sense of nausea, by which the entrance into the 
digestive organs is guarded. 


CHAPTER III. 

OF THE SENSATIONS OF TASTE AND THE ACTIONS OF THE GUSTATORY 

NERVES. 

It is quite impossible to explain the various sensations of taste. The 
nature of the essential quality of taste, by which it is distinguished from 
smell, common sensation, sight, and the sensation of sound, is, like the 
nature of every other sensation, quite inexplicable. Of the essential 
quality of blue, for example, we can form no further conception; it can 
only be perceived as a sensation; and we must remain contented with 
the knowledge that the different nerves of sense enjoy special properties, 
one perceiving colours,—blue, for example; another sounds, a third 
odours, and so on. But the causes on which the differences in the 
various sensations of one and the same nerve depend may possibly be 
ascertained, and in the cases of vision and hearing they are already 
known. We know that one sound differs from another in proportion 
to the difference in the number of undulations producing them; and that 
the number of undulations of the imponderable ether of light, within a 
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given time, is diflferent for each colour. In the cases of tlie senses of 
taste and smell, however, we are far from having such a theory to 
explain the varieties of sensations. Bellini tried to elucidate the great 
variety in the sensations of taste by means of the old hypothesis of the 
different form of the ultimate molecules of bodies,—a theory which 
cannot be refuted, but which is quite as incapable of proof. At the 
period when everything was accounted for by chemical polarities, it 
was customary to make application of this hypothesis also to explain 
the phenomena of taste. 

Besides the sense of taste, the tongue is endued with a very delicate 
and accurate touch, which renders it sensible of the impressions of heat 
and cold, itching, pain, and mechanical pressure, and consequently of 
the form of surfaces. 

The tongue may lose its common sensibility, and still retain the sense of taste, and 
vice versa. {Muller's Arehiv. 1835, p. 139.— Medical Gazette, Oct. 1834.) This fact 
renders it probable that the nervous conductors for these two different sensations are 
distinct, just as the nerves for smell and common sensibility in the nostrils are distinct. 
It will be easily conceived that the same nervous trunk may contain fibres differing 
very essentially in their specific properties. Facts detailed in a previous page prove 
that the lingual branch of the fifth nerve is the seat of sensations of taste; but it is also 
certain, from the marked manifestations of pain to which its division in animals gives 
rise, that it is a nerve of common sensibility. The hypoglossal, or ninth nerve, also 
is endowed with sensibility in addition to its motor power (see page 597). 

Many substances having odour as well as taste, their simultaneous action upon the 
two senses gives rise to a more or less mixed sensation. The sensation of taste may, 
however, in such a case be isolated from that of smell by closing the nostrils. Many 
fine wines lose much of their apparent excellence if the nostrils are held close while 
they are drunk. 

It would appear, from the experiments of Horn, {Vher den Geschmacks-sinn des 
Memchen. Heidelberg, 1835,) that some substances excite a different taste, according 
as they are applied to different papillas of the tongue; an observation which would 
seem to afford an explanation of the difference often perceived between the flavour first 
excited by some substances, and those which they leave behind them upon the tongue. 
Horn instituted experiments with a great number of substances, and found that a part 
of them tasted the same in all regions of the tongue’s surface; while others had very 
different tastes, according as they were applied in the neighbourhood of the papillee 
filiformes, or of the papillee vallatae. 

Very distinct sensations of taste are frequently left after the sub¬ 
stances which excited them have ceased to act on the nerve; and such 
sensations often endure for a long time, and modify the taste of other 
substances applied to the tongue afterwards. After I have chewed a 
piece of the root of sweet liag (acorus calamus), milk and cotfee have 
to me a sourish taste; the taste of sweet substances spoils the flavour of 
wine, the taste of cheese improves it. There appears, therefore, to exist 
the same relation between tastes as between colours, of which those 
that are opposed or complementary render each other more vivid, 
though no general principles governing this relation have been dis¬ 
covered in the case of tastes. In the art of cooking, however, attention 
has at all times been paid to the consonance or harmony of flavours in 
their combination or order of succession, just as in painting and music 
the fundamental principles of harmony have been employed empirically 
while the theoretical laws were unknown. 

Frequent and continued repetition of the same taste renders the per¬ 
ception of it less and less distinct, in the same way that a colour becomes 
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more and more dull and indistinct, the longer the eye is fixed upon it. 
Red and white wine can at first he distinguished by their flavour when 
the eyes are bound; but, after frequently tasting first one and then the 
other, it soon becomes impossible to discriminate between them. 

The simple contact of a sapid substance with the surface of the gustatory organ 
gives rise frequently to a very indistinct sensation of taste, and sometimes to none at 
all. The sensation is, on the contrary, very much heightened by the compression, 
friction, and motion of the substance to be tasted between the tongue and palate. The 
cause of this may be either that the impression is rendered more intense when com¬ 
bined with a mechanical impetus, as is the cause in the perception of odours; or that 
the excitability of the sentient points of the tongue’s surface soon becomes exhausted, 
so that motion is necessary to bring the foreign substance into relation with fresh 
parts of the nerve. The hypothesis recently proposed by Raspail that a reciprocal 
action is here excited between the two living surfaces brought into contact with each 
other is very improbable, since the friction of the substance to be tasted upon the 
tongue by any other means, without the contact of the tongue and palate, has the 
same effect. 

Sensations of taste, independent of the application of sapid substances, 
have been hitherto little observed. We have instances of these sensa¬ 
tions, however, in the nausea produced by mechanical irritation of the 
root of the tongue and soft palate; in the saline taste observed by Henle 
to be excited by the impression of a small current of air; and in the 
acid and alkaline tastes to which the application of galvanism by means 
of two plates of different metals to the tongue give rise. Reasons which 
render improbable the opinion that this last phenomenon is due to de¬ 
composition of the salts of the saliva are stated at page 623; moreover, 
the same tastes can be excited by a mechanical stimulus. 

The reaction of the sense of taste seems capable of being excited also 
through the medium of the blood, in the same way that the sense of 
vision is affected so as to produce flickering before the eyes, &c. by the 
presence of narcotic substance in the circulation. M. Magendie has 
observed that dog:^, into whose veins milk has been injected, lick their 
lips with their tongue as if they tasted. It is probable that the sense 
of taste is sometimes modified, and peculiar sensations of taste excited, 
by internal changes in the condition of the nerves; but it is difficult to 
distinguish such phenomena from the effects of external causes, such 
as changes in the nature of the secretions of the mouth. 


SECTION V. 

OF THE SENSE OF TOUCH. 

The sense of touch is not confined to particular parts of the body of 
small extent, like the other senses; on the contrary, all parts capable of 
perceiving the presence of a stimulus by a sensation of mere touch, or a 
modification of the sensations of pain or pleasurable feeling, or of heat 
or cold, are the seat of this sense. The external causes exciting these 
sensations are mechanical, chemical, or electrical influences, and changes 
of temperature. The sense of touch, or common sensibility, extends 
throughout the whole animal and organic system, though its acuteness 
varies exceedingly in different parts. Even the special organs of the 
other senses are endowed with common sensibility, and hence are sup- 
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plied with other nerves besides that of the particular sense peculiar to 
them. The nerves of touch are the posterior ganglionic roots of the 
nerves of the vertebral or spinal system, which includes some of the 
cerebral, and all the spinal nerves. The sensitive fibres contained in 
these posterior ganglionic roots go, for the most part, to compose with 
other fibres the nerves of animal life; but a smaller part of them assist 
in forming the nerves of organic life, endowing the latter nerves with 
their obtuse sensibility, the former with their vivid sense of touch. The 
so-named common feeling (coenaesthesis) is not a peculiar sense, but 
merely the common sensibility of the internal parts of the body, which 
is capable of endless modifications, from the feeling of fatigue to that 
of pain in disease, and from the feeling of ease to that of pleasurable 
sensations and tickling in the state of heath. 

Parts endowed with the sense of touch and common sensibility. Organs of touch .— 
Touch, in its more limited sense, does not differ essentially from the sensibility more 
generally enjoyed by the textures of the body: its peculiarity depends solely on the 
relation of the sensitive organ to the external world. Every part of the surface 
endowed with sensibility has the sense of touch, inasmuch as it is capable of per¬ 
ceiving the contact of external bodies. It becomes especially an organ of touch, 
when its sensibility is very delicate and it is endowed with motion. The organs of 
touch are therefore the whole extent of the skin, but more especially the hands, the 
tongue, the lips, (particularly in feline animals, and seals and walruses, where they 
are provided with vibrissas, the pulps of which are very sensitive, and plentifully sup¬ 
plied with nerves,) the proboscis and mouth of some animals, the tentacles of the 
Mollusca, the antennae and palpi of insects, and the finger-like processes of the pec¬ 
toral fins of the Triglae, the nerves of which arise from a series of special lobes or 
enlargements of the spinal cord. The part developed for the purpose of touch in the 
skin is the corpus papillare, consisting of small elevations of the surface of the cutis, 
visible by the aid of a lens, which are invested by a sheath of the rete Malpighii, and 
contain the terminations of the nerves.* 

The minute description of the organs of touch in different animals belongs to com¬ 
parative anatomy. 

The parts of the body in which the sense of touch or common sensi¬ 
bility has its special seat, are certain regions of the central organs of 
the nervous system, and the vertebral or spinal system of nerves; and 
by these it is imparted to most organs of the body. 

There are parts of the nervous centres which appear to be perfectly 
insensible; for example, the surface of the hemispheres, which, there 
have been frequent occasions to observe, both in man and animals, 
may be wounded without the production of any pain. In cases 
where, after injuries to the head, it has been necessary to remove par¬ 
tially destroyed and projecting portions of brain, while the patient was 
in a state of consciousness, the operation has never caused pain, or even 
been felt. 

Other parts of the nervous centres, on the contrary, are very sensible; 
but the sensations of which they are susceptible are not uniformly the 
same. When the parts of the central organs connected with the sense 
of vision are irritated, appearances of light are perceived. It is an old 
observation, that pressure upon the brain in the human subject gives 
rise to the perception of luminous appearances and flashes like light¬ 
ning. But there are other parts of the brain which are susceptible of 
the varieties of common sensation; for although pain in the head is in 

* See Breschet and Roussel de Vauz^me, Ann. d. Sc. Nat. 1834, t. i. p. 167. 
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' many instances seated merely in the nerves of the exterior investments 
of the brain, yet the possibility of such sensations, as of tension or pain, 
being seated in the brain itself, is shown by cases of chronic affections 
of that organ, where the patient has had a more or less distinct con¬ 
sciousness from his sensations of the seat of the disease.*' 

The spinal portion of the encephalon and the spinal cord are sus¬ 
ceptible only of the modifications of common sensation, which are per¬ 
ceived both at the situation where they are excited, namely in the 
middle line of the back, and in the external parts to which the spinal 
nerves are distributed, having there the character either of pain or of 
the creeping of insectsj “ formicatio.’^ The local sensations in the back 
are sometimes unattended with those in the peripheral parts, and vice 
versd. The cause of these remarkable differences is unknown. 

The laws regulating the production of sensation in nerves, by irritation applied to 
themselves, have been fully considered in the book on the physiology of the nerves. 
It only remains for us, therefore, here to speak of the sensations caused by stinauli 
applied to their peripheral extremities. 

The horny tissue and teeth are perfectly destitute of sensibility, though their 
matrix or pulp is supplied with nerves as well as with vessels. The sensation in 
the teeth produced by the contact of acids must therefore be regarded as an affection 
of their pulp; and it is easy to conceive how the acid may be conducted to that part 
by the capillary dental tubes, whether we suppose it to act first on the ivory of the 
tooth where it is uncovered, or to reach the ivory through the clefts which are so fre¬ 
quent in the enamel. 

Tendons, cartilages, and bones are in the healthy state void of sensibility, as Haller 
proved by numerous experiments. Haller’s experiments also seemed to show that the 
periosteum is insensible. The dura mater, however, appears to constitute an exception; 
it is at least certain that it is supplied with nerves. In the state of disease, however, 
the bones, like the viscera of the chylopoetic system supplied by the sympathetic, 
become the seat of severe pain.f 

The sensibility of the muscles is much less than that of the skin, a fact which is 
evident in the operation of acupuncture. The skin itself varies very much in different 
parts in the degree of its sensibility, which is probably proportionate to the number of 
nervous fibres distributed in it. An account of Professor E. H. Weber’s observations 
relative to this subject has been given at page 546. At the same parts of the surfirce, 
where two small bodies applied at a very little distance from each other were recog¬ 
nised as separate bodies, the differences of temperature, and the weight of bodies 
applied, were also, according to Professor Weber’s observations, most accurately 
recognised. The weight of bodies produced a greater impression at these parts; 
a body placed upon the volar surface of a finger seemed heavier, its pressure was 
perceived with greater intensity, than when it was laid upon the skin of the 
forehead. 

The sensibility of the mucous membranes is very great in the respira¬ 
tory apparatus, in the organs of sense, and in the generative organs, 
where they are supplied by nerves of animal life; while in the in¬ 
testinal canal the sensibility of the analogous membrane is very slight 
in the normal condition, though in disease it may be exaggerated to 
great intensity. The external and internal tegumentary system differ 
from each other, moreover, in the circumstance that the tingling sensa¬ 
tion, or “ formication,’’ which is frequently excited in the skin by in- 

See Nasse, fiber Geschwfilste im Gehirn,p. 26; and Abercrombie, on Diseases of 
the Brain, translated into German by De Blois. Bonn, 1821. 

t For iin account of the numerous experiments which have been instituted relative to this 
question, see Haller’s Element. Physiol, iv. p. 271-289. 
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ternal causes, and particularly by affections of the spinal cord, appears 
to be never felt in the mucous membranes. 

Various modifications of common sensation .—The sensations of the 
common sensitive nerves have as peculiar a character as those of any 
other organ of sense. The sense of touch renders us conscious of the 
presence of a stimulus, from the slightest to the most intense degree of 
its action, neither by sound, nor by light, nor by colour, but by that 
indescribable something which we call feeling, or common sensation, 
the modifications of which often depend on the extent of the parts 
affected. The sensation of pricking, for example, informs us that the 
sensitive particles are intensely affected in a small extent; the sensation 
of pressure indicates a slighter affection of the parts in a greater extent, 
and to a greater depth. It is by the depth to which the parts are 
affected, that the feeling of pressure is distinguished from that of mere 
contact. 

The sensation of a blow or shock arises from a sudden change being 
produced in the state of the nerves by an external or internal influence,— 
namely, by the mechanical influence of a solid body, or by an electric 
discharge. A sudden discharge of nervous principle from the brain also, 
as at the moment of fright, is sometimes productive of the sensation of 
a shock or blow. The peculiarity of this sensation, therefore, depends 
in no way upon the mechanical action of the foreign body. 

In some other senses, a rapid succession of impulses produces pecu¬ 
liar sensations, which vary in their quality according to the number of 
the impulses communicated to the nerve within a given time,—such, at 
least, is the case with the sense of hearing, and, perhaps, also with that 
of vision,—while on the senses of taste and smell this mode of excite¬ 
ment has no such effect. How is it with the sense of touch? 

A rapid succession of equal impulses, such as produces the sensation of sound in 
the organ of hearing, is felt by the nerves of touch as a thrill or tremor. If the im¬ 
pression of the vibrations be more intense, and the part which is the seat of it very 
sensible,—such as the surface of the lips,—it may give rise to the sensation of tick¬ 
ling; this sensation is produced, for example, by bringing a vibrating tuning-fork very 
close to the lips; it is also very readily excited in the tongue. It might be imagined 
that the sensation of tickling when arising from other causes—such as the slight con¬ 
tact of another body, and the sensation of sensual pleasure so nearly allied to it, are 
both dependent on vibrations of the nervous principle itself with a determinate rapidity 
within the nerves. The sensation of tickling, or the allied pleasurable sensations, may 
be produced in all parts endowed with common sensibility; but they are experienced 
with greatest intensity in the generative organs; less strongly in the female breast, in 
the lips, in the skin generally, and in the muscles. 

The sensation of pain seems to depend on the violence with which 
the nerves of touch are irritated. 

The feelings of warmth and cold are most frequently caused by 
changes produced in the condition of the organised tissues by the im¬ 
ponderable physical agent, caloric; but they are frequently present 
when no variation of temperature can be detected by the thermometer, 
being then produced by some internal change in the condition of the 
nerves. Moreover, the sudden sensation of very great cold, and that of 
burning heat, appear to be very similar. 

In comparing the temperature of different media by means of the 
sense of feeling, the degree of capability of the media for conducting 
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caloric must be taken into consideration. The same heat acts with 
much greater intensity upon our skin, and produces the sensation of 
much greater warmth, when the medium by which it is communicated 
to our sense is water, than when it is air. Cold water also feels much 
colder to us than air of the same temperature, because cold water con¬ 
ducts away the caloric of our body more rapidly. 

Reciprocal influence of the mind and the sense of touch. —When 
the activity of the sensorium is directed to a sensation, it is perceived; 
while, if the mind does not thus co-operate, the organic conditions for 
the sensation may be fulfilled, but it remains unperceived. The dis¬ 
tinctness and intensity of a sensation in the nerves of touch, or common 
sensibility, depends on the mind’s co-operating for its perception. A. 
painful sensation becomes more intolerable the more the attention is 
directed to it. A sensation in itself inconsiderable, as an itching in a 
very small spot of the skin, is thus rendered very troublesome and en¬ 
during. When a person speaking to us spirts particles of saliva in our 
faces, the idea attached to the saliva causes the sensation it produces to 
be much increased in tensity and duration. 

By the co-operation of the mind, and the application of experience previously 
gained, we attain the faculty of referring sensations at one time to our own body, and 
at another to external objects. Strictly speaking, we can feel only the present condi¬ 
tion of our nerves, whether this condition be excited by internal or external causes. 
When we apply our hand to an external object, we do not feel the object itself, but 
only the hand which touches it; the mind, however, having already a conception of 
the external body, refers the sensation to it, and we say that we feel it. We have ex¬ 
plained, at page 716, how the idea of external objects, as distinguished from our 
own body, is first obtained. The ideas which we obtain of different objects by the 
touch have their source in the knowledge of the natural relation of the different parts 
of our body which is implanted in our sensorium; a faculty which is rendered more 
acute and accurate by the exercise of the sense of touch, and in the adult attains such 
a degree of development, that, when our limbs are out of their natural position, if our 
attention is not directed to this circumstance, we deduce from sensations excited in 
them the same ideas that we should do had they their natural relation to each other. 
Hence, in the experimei^J, mentioned by Aristotle, of rolling a globular body between 
two fingers of one hand^which are crossed over each other, the sensation obtained is 
that of two convex surfaces opposed to each, and apparently belonging to two separate 
spheres. 

A sensation in a part endowed with touch appears to the sensorium to be, caeteris 
paribus, more intense when it is excited in a large extent of surface than when it is 
confined to a small space. The temperature of water, into which he dipped his whole 
hand, appeared to Professor Weber to be warmer than water of really higher tempera¬ 
ture, in which he had immersed only one finger of the other hand. Similar observa¬ 
tions may be made by persons bathing in warm or cold water. 

As every sensation is attended with an idea, and leaves behind it an idea in the 
mind which can be reproduced at will, we are enabled to compare the idea of a past 
sensation with another sensation really present. Thus we can compare the weight of 
one body with another which we have previously felt, of which the idea is retained in 
our mind. Professor E. H. Weber was, indeed, able to distinguish in this manner 
between temperatures experienced one after the other better than between temperatures 
to which the two hands were simultaneously subjected. This power of comparing 
present with past sensations diminishes, however, in proportion to the time which has 
elapsed between them. 

Sensations connected with muscular motion. —The muscles are 
endowed with a certain degree of sensibility, and, in spasmodic affec¬ 
tions of their nerves, become the seat of intense sensations. These sen- 
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sations are not, however, always proportionate to the degree of the 
muscular contraction; which renders it probable that the motion and 
sensation of the muscles are not due to the same nervous fibres. Thus, 
for example, the sensation of cramp in the muscles of the calf may be 
very severe, though the extent of muscular motion attending it is very 
slight. The same circumstance is sometimes observed in cramp of the 
digastric muscle of the lower jaw, which, when there is a disposition to 
repeated yawning, occasionally follows a violent movement of that 
kind: the pain then felt in the anterior belly of the digastric muscle is 
often extremely severe, though the movement of yawning has ceased, 
and the spasmodic action of the muscles has much diminished. 

The sensation which informs us of the contraction of muscles enables 
us to estimate the degree of force exerted in resisting pressure or in 
raising weights. The perception of weight is more accurate than that 
of mere pressure, according to Professor Weber, who states that a dif¬ 
ference between two weights may be detected when one is only one- 
twentieth or one-fifteenth less than the other. It is not the absolute, 
but the relative amount of the difference of weight which we have thus 
the faculty of perceiving. 

It is not, however, certain that our idea of the amount of muscular 
force used is derived solely from sensation in the muscles. We have the 
power of estimating very accurately beforehand, and of regulating, the 
amount of nervous influence which it is necessary to emit from the brain 
for the production of a certain degree of movement. When we raise a 
vessel, with the contents of which we are not acquainted, the force we 
employ is determined by the idea we have conceived of its weight. If 
it should happen to contain some very heavy substance, as quicksilver, 
we shall probably let it fall; the amount of muscular action, or of ner¬ 
vous energy, which we had exerted, being insufficient. The same thing 
occurs sometimes to a person descending stairs in the dark; he makes 
the movement for the descent of a step which does not exist. It is pos¬ 
sible that in the same way the idea of weight and pressure in raising 
bodies, or in resisting forces, may in part arise from a consciousness of 
the amount of nervous energy transmitted from the brain, rather than 
from a sensation in the muscles themselves. The mental conviction of 
the inability longer to support a weight must also be distinguished from 
the actual sensation of fatigue in the muscles. 

So, with regard to the ideas derived from sensations of touch combined with move¬ 
ments, it is doubtful how far the consciousness of the extent of muscular movement is 
obtained from sensations in the muscles themselves. The sensation of movement 
attending the motions of the hand is very slight; and persons who do not know that 
the action of particular muscles is necessary for the production of given movements 
do not suspect that the movement of the fingers, for example, depends on an action in 
the forearm. The mind has, nevertheless, a very definite knowledge of the changes 
of position produced by movements; and it is on this that the ideas which it conceives 
of the extension and form of a body are in great measure founded. The sensorium 
may possibly derive this knowledge, independently of sensations in the muscles, from 
the consciousness of the groups of nervous fibres to which it directs the current of ner¬ 
vous energy. The accuracy with which the muscular movements are regulated and 
proportioned to.their object, or the manifestation of the muscular sense, is most re¬ 
markable in all those movements by which the equilibrium of our own body, or of 
other bodies supported by us, when the base of support is small, is maintained; and 
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also in the preservation of onr balance during voluntary and involuntary movements of 
our whole body. 

Touch, in its more limited sense, or the act of examining a body by 
the touch, consists merely in a voluntary employment of this sense com¬ 
bined with movement, and stands in the same relation to the sense of 
touch or common sensibility, generally, as the act of seeking, following, 
or examining odours does to the sense of smell. Every sensitive part 
of the body which can, by means of movement, be brought into dilferent 
relations of contact with external bodies, is an organ of “ touch.” No 
one part, consequently, has exclusively this function. The hand cer¬ 
tainly is best adapted for it by reason of its peculiarities of structure,— 
namely, its capability of pronation and supination, which enables it, by 
the movement of rotation, to examine the whole circumference of a 
body; the power of opposing the thumb to the rest of the hand, and the 
relative mobility of the fingers. Other conditions for the exercise of the 
sense of touch in great perfection are, great sensibility of the part, and 
a distinct perception of impressions on separate points of the sentient 
surface. The regular grooving of the skin of the palm, with the ar¬ 
rangement of the papillae in regular series, must increase the delicacy of 
touch, inasmuch as the inequalities of the skin will more readily detect 
the inequalities of the bodies touched, and are better adapted for re¬ 
ceiving distinct impressions from them. 

In forming a conception of the figure and extent of a surface, the 
mind multiplies the size of the hand or fingers used in the inquiry by 
the number of times which it is contained in the surface traversed; and, 
by repeating this process with regard to the different dimensions of a 
solid body, acquires a notion of its cubical extent. 

Sensations left after impressionsf^modijication of sensations by contrast. —The after¬ 
sensations left by impressions on nerves of common sensibility or touch are very vivid 
and durable. As long as the condition into which the stimulus has thrown the organ 
endures, the sensation also remains, though the exciting cause should have long 
ceased to act. Both painful and pleasurable sensations afford many examples of this 
fact. 

The law of contrast, which we have shown to modify the sensations of vision, 
prevails here also. After the body has been exposed to a warm atmosphere, a degree 
of temperature very little lower, which would under other circumstances be warm, 
produces the sensation of cold; a sudden change to the extent of a few degrees from 
a warmer temperature, which has been of long duration, will produce the sensation 
of extreme cold. Hence the facility with which catarrhs are contracted even in the 
warmest climates. Heat and cold are relative terms. A particular state of the sen¬ 
tient organ causes what would otherwise be warmth to appear cold. A diminution in 
the intensity of a long-continued pain gives pleasure, even though the degree of pain 
that remains would in the healthy state have seemed intolerable. 

Sensations dependent on internal causes are in no sense more fre¬ 
quent than in the sense of touch. All the sensations of pleasure and 
pain, of heat and cold, of lightness and weight, of fatigue, &c. may be 
produced by internal causes. Neuralgic pains, the sensation of rigor, 
formication, or the creeping of ants, and the states of the sexual organs 
occurring during sleep, afford striking examples of subjective sensa¬ 
tions. The increased force of the current of blood synchronous with 
the heart’s contraction excites sensations in almost all the organs of 
sense; in the retina the periodic appearance of a luminous spectrum, in 

66 * 
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. the ear a periodic buzzing sound, in the nerves of touch a feeling of 
pulsation. There are mechanical causes for this sensation of pulsation, 
but it may be induced by a particular condition of the nerves; thus, it 
is often experienced in parts to which the blood is not sent with in¬ 
creased force. 

The mind also has a remarkable power of exciting sensations in the nerves of 
common sensibility; just as the thought of the nauseous excites sometimes the sensa¬ 
tion of nausea, so the idea of pain gives rise to the actual sensation of pain in a part 
predisposed to it. The thought of anything horrid excites the sensation of shudder¬ 
ing; the feelings of eager expectation, of pathetic emotion, of enthusiasm, excite in 
some persons a sensation of “concentration” at the top of the head, and of cold 
trickling through the body; fright causes sensations to be felt in many parts of the 
body; and even the thought of tickling excites that sensation in individuals very 
susceptible of it, when they are threatened with it by the movements of another 
person. 

These sensations from internal causes are most frequent in persons of excitable 
nervous systems, such as the hypochondriacal and the hysterical, of whom it is usual 
to say that their pains are imaginary. If by this is meant that their pains exist in 
their imagination merely, it is certainly quite incorrect. Pain is never imaginary in 
this sense; but is as truly pain when arising from internal as when from external 
causes; the idea of pain only can be unattended with sensation, but of the mere idea 
no one will complain. Still, it is quite certain that the imagination can render pain 
that already exists more intense, and can excite it when there is a disposition to it. 

The sympathies of the sense of touch with the other senses, and with 
muscular movements, are dependent on reflex nervous action; they have 
been discussed in the Chapter on Nervous Reflexions in the Book on 
the Physiology of the Nerves, where the sympathy between the secrq,- 
tions and sensitive impressions has also been considered. 
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SECTION I. 

OF THE NATURE OP THE MIND GENERALLF CONSIDERED. 

CHAPTER I. 

Of the relation of the mind to organisation and matter. 

In the introductory portion of this work, which treated of general 
physiology, a comparison was drawn between an independent or¬ 
ganised body or organism, and a piece of mechanism, the component 
parts of which are combined for the fulfilment of a determinate purpose, 
and depend for their individual action on the harmony of the whole. 
In this comparison we met with more points of dissimilarity than of 
resemblance. The organism and the piece of artificial mechanism re¬ 
semble each other in the well-adapted combination of their several parts 
for the production of a general result; but the organic body is distin¬ 
guished by the power of reproducing the mechanism of its own organs, 
in the form of germ, and of thus propagating itself. Again, not merely 
does the action of organic bodies depend on the harmony of their com¬ 
ponent organs, but this harmony itself is an action of the organism; 
while the cause to which each part of the organised system owes its 
state and properties resides not in itself, but in the cause which pro¬ 
duces and maintains the whole. A piece of mechanism is formed in 
accordance with an idea held in view by the artificer, this idea being 
the purpose for which it is intended. An “ idea” also regulates the 
structure of every organism, and of each of its component organs. In 
the former case, however, the ruling idea exists external to the artificial 
mechanism, namely, in the mind of the artificer; while the idea, which 
is the cause of the harmony of organic bodies, is in action in the or¬ 
ganism itself, exerting in it a formative power unconsciously, and in 
obedience to determinate laws. 

The cause which produces an organism being constrained to work 
out a predetermined plan, or pre-existent idea, necessarily maintains 
the form and endowments of one organism distinct from those of an¬ 
other, which is constructed according to a different idea. But, although 
this is the case, yet the different organic forms are connected by a 
more general principle of construction, which arranges them in classes, 
orders, families, genera, and species. The genus exists only in the 
difterent species which are quite independent of each other, and not as 
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a distinct organism producing these species. Everywhere in the 
animal, as well as in the vegetable kingdom, we see manifested a per¬ 
fect unity in the general plan, together with all logical modifications 
in the realisation of it: yet each of the various species which constitute 
a genus, cannot depart from its own specific type of structure and 
mode of action; so that the species ceases to exist as soon as all living 
individuals belonging to it and their germs have perished. Except in 
this sense, the species is immortal; since the vital force or principle 
which creates and maintains its organisation is successively imparted 
by the perishing, parent organisms, to the new beings which they 
produce. 

The action of the vital principle which forms organic beings in con¬ 
formity with determinate ideas, is known to us only by its effects m 
organic beings. If organic forms were produced spontaneously and 
independently of organisms already existing, we should have the phe¬ 
nomenon of a vital force operating in conformity with determinate 
ideas, elsewhere than in living organic beings. But the doctrine of the 
generatio aequivoca is constantly losing ground before the advances of 
strict investigation, and preserves merely the form of an hypothesis alike 
destitute of proof and incapable of demonstration. 

It is in no way probable that the vital principle which produces the definite com¬ 
pound structure of an organism is itself a compound of distinct parts; and the same 
may be said of the sentient mental principle of animals. That which owes its in¬ 
tegrity to its compound structure, must be rendered imperfect by division; but the 
organising principle of a plant or animal may be divided at the same time with the 
plant or animal in which it resides, and yet retain all its organising power. Thus 
the parts of a divided polype orplanaria become, or are from the moment of their divi¬ 
sion, independent organic beings endowed with the power of producing the proper 
organisation of their species. So it is likewise with the sentient and thinking 
principle of animals; if indeed that principle is distinct from the vital principle. It 
cannot be a compound of different parts; for if it were, the division of an animal 
would necessarily destroy its integrity; and we know that an animal may be divided, 
and yet the mental principle in each portion remain perfect, manifesting sensation, 
volition, and desires. Whatever is true with regard to the mental principle of other 
animals, may be predicated of the mind of man; for everything which feels and moves 
voluntarily in accordance with its desires, is endowed with a mind. Such, indeed, 
was the remark of Aristotle, who, in his Essay on the Mind, says: “ As soon as they 
feel, they must have thoughts and desires; for where there is sensation, there must be 
pain and pleasure; and where these exist, desires must exist likewise.” 

The vital principle and the mind or mental principle of animals resemble each other, 
therefore, in this respect: they exist throughout the mass of the organism which they 
animate; but, unlike it, are not composed of separate parts, and when divided toge¬ 
ther with the organism, do not suffer any diminution or change of their powers. 

In a former part of this work, it has been proved that the vital principle has not its 
special seat in any other organ. The facts adduced in support of this position were the 
following:—First, the presence and activity of the vital principle in the germ before 
any organs are developed, and in anencephalous and acephalous monsters; secondly, 
the persistence of life in separated fragments of animals and plants, and the development 
of these fragments into perfect organisms; and, lastly, the phenomenon of the spontane¬ 
ous organisation of the germ of the higher animals and man after its separation from 
the parent system. The separation of the germ from the parent is an instance of true 
division of an organism; the part separated in this case merely differing from the 
sprout cut from a plant, or the fragment of a divided animal in its possessing only the 
organising power, but not the already organised structure. The same force is in action 
in both cases. The circumstance of the stimulus to organisation being afforded to 
the germ by fructification, and the existence of distinct male and female sexes, are 
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not valid objections to this proposition; since the influence of a fructifying’ matter is 
not necessary for the preservation of life in parts already organised when they are 
separated from the parent system; and even the dualism of the sexes may be reduced 
to a mere dualism of the sexual organs in one individual, as we see exemplified in 
plants and hermaphrodite animals, some of which latter are capable of self-impregna¬ 
tion. 

It was also shown at the same time that the mental principle, or 
cause of the mental phenomena, viz. the conception of ideas, thought, 
&c. cannot be confined to the brain; but that it exists, though in a latent 
state, in every part of the organism. In proof of this was adduced the 
manifestation of mind, by sensations, volition, and desires, in new 
animals, developed from the germ and semen, from the buds of animals 
propagating by germination, or from the separated portions of those 
which divide spontaneously, as soon as the organs necessary for mental 
action are formed. 

At the same time, however, a difference between the vital and the 
mental principle was pointed out in the dependence of the latter for its 
manifestation, as a conscious mind, on one organ—the brain. The 
mental principle exists only in a potential state in the germ, and is 
totally unable to manifest itself by perception, will, ideas, or thought, 
until the whole organisation of the brain is perfected by the plastic vital 
force. 

The development of the germ is dependent on certain external con¬ 
ditions. The vital principle resident in it is unable to effect the organisa¬ 
tion of its component matter until this matter is exposed to certain 
external inffuences, such as warmth and air. Without these aids the 
germ cannot assimilate the surrounding nutriment, owing to the unfit¬ 
ness of the latter to combine with the substance of the germ, so as to 
preserve its necessary chemical properties and composition. The vital 
principle, therefore, may itself exist in a latent or merely potential state 
in the germ, just as the mental principle has that condition in all parts 
of the fully developed organism except the brain. From these latter 
remarks, we may clearly infer the points of ’dissimilarity, as well as 
those of agreement, between the vital principle and the sentient mental 
principle. Both are simple, not composed of dissimilar parts, and 
therefore are divisible, together with the organic substance which they 
animate; and both are capable of existing in a latent slate. But the 
vital principle requires for the manifestation of its organising powers 
only the chemical co-operation of certain external influences; while for 
the action of the conscious mind the presence of matter already orga¬ 
nised with the structure of the brain is essential. 

The germ and young animal are not distinguished from the fully developed organism 
merely by the imperfection of their organisation, and the smaller size of those organs 
which are developed in the young animal. A more essential difference between the 
germ and the organism in which the whole structure is perfected, and which is capa¬ 
ble of generation and of producing offspring, consists in the latter being a multiple 
of the germ. Hence only can we explain the fact that a part of the fully organised 
or “multiple” animal may separate itself and become a new animal, while the rest 
of the parent organism loses nothing of its power of further organisation. 

The development of the multiples of the germ by the process of growth will, ii^ 
the Section on Generation, be demonstrated to take place both in plants and in the 
Coralline Polypifera, Naides, Vorticellinae Polygastrica, Planariae, and Hydras. Here 
we shall see the multiplication of the original organism manifested by the formation 
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of buds, and by spontaneous division, while the multiple character of some others 
will be rendered evident by the persistence of life in portions separated by artificial 
division. 

* The portions of a divided Hydra have not at first the whole structure of a perfect 
animal, but they soon develope that structure within themselves. This fact shows us 
that the multiplication of an individual does not necessarily consist in the increase of 
analogous forms with analogous endowments, but may take place only virtually, in 
such a way that the forms produced are unlike the original, though their virtual en¬ 
dowments are the same. And thus we are led to understand the process subsisting 
in the higher animals, which, though capable neither of propagation by spontaneous 
division, nor of living after artificial division, yet are virtually a multiple of the germ 
from which they were developed. Here a part of the multiple animal can separate 
from the rest in a state capable of continued life and development only when it has 
become isolated in the form of an undeveloped germ. Now, in all the modes of 
propagation to which we have alluded, those of spontaneous or artificial division, 
germination, and sexual generation, both the vital principle and the mental principle, 
as we have before shown, undergo division. 

The questions next present themselves, how is it possible for the 
growth of an organic being to cause a multiplication of its organising 
force? and how is the divisibility of the mental principle acquired at the 
same time, to be explained or understood? Is it a peculiarity belonging 
to the nature of the vital principle, and also of the mental principle, as 
a potential essence, that their extension through'a large mass of matter, 
and their subdivision, is incapable of diminishing their intensity? or 
does the mere assimilation of new matter by a growing organism give 
rise to an increase of those principles, in consequence of their being 
contained in the nutritive matter itself in a latent state, though they are 
incapable of manifesting themselves until the matter is assimilated by 
an organic body? 

The supposition last proposed necessarily involves a second, namely, 
that the principles of life and mind exist in a latent state in all matter; 
for although animals are capable of assimilating merely vegetable mat¬ 
ters, plants, on the other hand, increase their substance from inorganic 
materials: indeed, unless there were such a new formation of organic 
matter from the inorganic elements, organic beings must at length 
perish, owing to the great destruction of organic substances by putre¬ 
faction and combustion.(«) 


CHAPTER II. 

PHENOMENA RESULTING FROM THE ACTION OP THE MIND AND BODY 

ON EACH OTHER. 

So soon as the structure of the brain is developed, and the action of 
the senses commences, ideas or mental actions also arise; and, just as 
light may be developed in an inorganic body, by a mechanical shock 
and change in its physical condition, in the same way changes in the 
action of the mind may be produced by changes impressed on the 

(a) The author now begins a course of avowedly hypothetical speculations on 
“ Cosmological Systems,'” which, however agreeable to my own tastes, are not, in their 
present connection, adapted to benefit the student of Physiology, and they are, there¬ 
fore, omitted here. 
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organisation of the brain or on the matter which enters into its structure. 
On the other hand the operations of the mind, with which the organisa¬ 
tion of the brain keeps, as it were, equal pace, induce changes in the 
structure and component matter of that organ, and of all other parts of 
the body which are under its influence. The ideas and thoughts are 
not themselves composed of parts, but they are developed in matter 
which has organisation and parts, and the distinctness of the conceptions 
is entirely dependent on the condition of this divisible matter. 

Hence we may infer that, whatever changes the mind produces in 
the organism generally, are effected through the medium of the brain— 
the organ in which alone the mental force, elsewhere latent, is manifest, 
and from which its influence radiates, as from a centre, to all other 
parts of the body. Every organ, also, by virtue of its power of acting 
on the brain itself through the medium of its nerves and of the blood 
circulating through the whole organism, must have an influence upon 
the ideas and upon the power of mental conception. This influence 
may be either exciting or depressing, so that the power of the mind to 
conceive ideas may be either increased or impeded. The impressions 
communicated from different organs of the body to the brain can, of 
course, produce no other distinct ideas than those of the sensations, and 
the peculiar import of these sensations. But since local changes of par¬ 
ticular organs may produce the sensations of pleasure or suffering, or of 
the tendency of the organ to its specific function, and may thereby 
excite the ideas of the expansion and restriction of self and of desire, 
which are associated with those sensations, it is evident that the disposi¬ 
tion to a state of emotion may be kept up by the state of other organs 
than the brain. 

1. Influence of states of the body upon the intellect and emotions. 
—The excitement of certain organic states of the brain, by the bright 
scarlet aerated blood, is a necessary condition for the action of the mind. 
Hence the abstraction of blood in large quantity produces syncope and 
loss of consciousness. Even the quality of the blood, however, exerts 
an influence on the intellectual operations. The most common instance 
of an influence exerted on the mental faculties by a cause of this kind, 
is afforded in the effects of digestion. The digestion of food introduces 
a quantity of imperfectly assimilated matter into the circulation. Until 
this new material has undergone the necessary changes, and while cer¬ 
tain matters, altogether unfit for nutrition, are mingled with it, it is not 
adapted to excite those states of the brain which are necessary for the 
proper manifestation of mind, and as it is conveyed to that organ by 
the circulating blood, it produces an injurious change in it, and impedes 
or disturbs the mental functions. Hence the indisposition to mental 
labour experienced by some persons after meals. This disturbance of 
the intellectual operations is still more evident, as the result of the mate¬ 
rial changes produced by the alterantia nervina (spirituous liquids and 
narcotics). Some “secreta” and “excreta,’’ as bile and urea, are equally 
unfitted for producing the natural organic states of the brain. The 
former substance being absorbed into the blood, produces not only indis¬ 
position to the exercise of the intellect, and diminution of its power, but 
also depression of spirits, by disturbing those organic conditions of the 
brain which influence the emotionary feelings. 
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A second source of causes disturbing the action of the mind, through 
the medium of changes produced in the brain, is found in those states 
of other organs, which act on the brain through the medium of the 
nerves. Every part of the body, which stands in the relation of active 
sympathy with the central organs of the nervous system, is capable, 
when itself in a state of strong excitement, of exciting strongly the 
brain, and thereby the mind also; or, when in a state of depressed 
action, of diminishing the activity of their functions; hence, delirium 
and stupor are effects of those states in some parts of the body. The 
emotions of the mind are also affected in this way; long continued dis¬ 
turbance, or arrest of the functions of important organs, giving origin to 
a fretful, dejected state of feelings, which is nothing else than a state of 
impeded strivings of the» mind. Those organs which are engaged in 
effecting chemical changes in the organic matters of the fluids, such as 
the internal viscera, act on the mind in two ways, for they depress the 
power of action of the central organs, not only through the medium of 
nervous connection, but also by changes impressed on the blood. The 
effect of the latter mode of action varies in degree, according to the kind 
of change produced in the blood by the viscera. Hence it is that the 
abdominal viscera are distinguished above all others, by the influence 
of their chronic maladies, in giving rise to a long continued depression 
of the strivings of the mind.* 

There are organs of the body, particular states of which excite passions connected 
with their functions; such are the sexual organs and the stomach. These organs 
excite sensations of particular kinds, and ideas of things fitted to restore the integrity 
of self, which is felt to be in an impaired or restricted state. On the other hand, the 
idea of that which would restore the integrity of self, or increase its power, determines 
currents of nervous energy towards the particular organ. For, as we have already 
seen, this idea of a state which can be realised by a particular organ, excites a current 
of nervous influence towards that organ, whether it be a muscle or a gland. In this 
way it is the disposition to the passion of love excited by particular states of the sexual 
organs or of the spinal cord, the medium of nervous communication between those 
organs and the brain. If both the sexual organs and the spinal cord have a certain 
degree of tension, the mind is thrown into such a state, as causes corresponding ideas 
to arise. The active state of the organs excites the idea, and the idea may produce 
that condition of the organs; but, unless the organs are in a state of potency, the ideas 
to which they are related remain cold, and do not influence the organic conditions and 
actions. Particular kinds of food also, have an influence on particular states of pas¬ 
sion by their action on the corresponding organs of the body. Lastly, the state of the 
whole nervous system, and the degree of its excitability, and of the facility with 
which impressions are propagated through it, exert an influence on the emotions. 
For those persons, in whom any excitement spreads very rapidly through the nerves, 
and still more rapidly leaves behind it a state of exhaustion, are more liable than others 
to all emotions in which the feeling of self undergoes a violent and sudden change and 
depression, such as fear, anxiety, terror, &c. But they whose nervous system is dif¬ 
ferently constituted, and is not exhausted or depressed in consequence of previous ex¬ 
citement, experience from sudden excitement only the emotion of courage, and manifest 
persevering efforts to maintain or extend the power of self. Animals display different 
tendencies of their organic states and functions, according as they are by nature timid 
or courageous. In man, these dispositions to particular emotions vary with the organic 
state of the body: a person, gifted with great coolness and presence of mind, may be 
so altered, temporarily, by a particular state of his nervous system, as to be startled like 
a naturally timid person, by any sudden occurrence; whilst abundant food and a glass 
of wine will give courage to the faint-hearted. 

* See page 615, where the seat of the passions is shown not to be in those viscera. 
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The operations of the mind are affected in the greatest degree by 
changes in the organic conditions of the brain itself, such as inflam¬ 
mation, malformation, and pressure. Every state of irritation of the 
brain causes delirium; everything which impedes the organic actions 
in the brain produces syncope, stupor, or complete coma. Hence the 
most various structural changes in the brain, as tubercles, pus, extra- 
vasated blood, and water, give rise to nearly the same symptoms. Pres¬ 
sure of blood, still within its vessels, also produces insensibility. And 
the effects of inanition are, in this respect, exactly the same as those 
of pressure. 

Structural changes in the brain itself are much more prone to disturb 
the intellectual faculties than to excite or depress the passions. A de¬ 
pressing passion cannot be intense without the concurrence of ideas, in 
a certain degree of intensity, which shall keep up the passion; but when 
the organic actions of the brain are impeded, this intensity of ideas is 
impossible: hence, even in these cases, the principal efiect of structural 
change of the brain, appears to be impairment of the intellectual facul¬ 
ties. The organic conditions, on which the integrity of the intellectual 
faculties depends, exist, without doubt, in the brain itself; but the ele¬ 
ments which maintain the emotions or strivings of self, in all parts of the 
organism. 

2. Influence of ideas and emotions of the mind upon the body. 

The influence of ideas upon the body gives rise to a very great 
variety of phenomena, which border on the marvellous. It may be 
stated as a general fact, that any state of the body, which is conceived 
to be approaching, and which is expected with perfect confidence and 
certainly of its occurrence, will be very prone to ensue, as the mere 
result of that idea, if it do not lie without the bounds of possibility. 
The case mentioned by Pictet, in his observations on nitrous oxide, 
may be adduced as an illustration of such phenomena. A young lady. 
Miss B., wished to inspire this intoxicating gas; but in order to test the 
power of the imagination, common atmospheric air was given to her, 
instead of the nitrous oxyde. She had scarcely taken two or three in¬ 
spirations of it, when she fell into a state of syncope, which she had 
never suffered previously; she soon recovered.* The influence of the 
ideas, when they are combined with a state of emotion, generally ex¬ 
tends in all directions, affecting the senses, motions, and secretions. But 
even simple ideas, unattended with a disturbed state of the passions, pro¬ 
duce most marked organic effects in the body. This we shall now pro¬ 
ceed to demonstrate. 

a. Influence of the mind upon the senses. Phantasms .—Phantasms or 
hallucinations are perceptions of sensations in the organs of the senses, 
dependent on internal causes, and not excited by external objects. 
These phenomena have been repeatedly confounded with mere ideas, 
and have been regarded as ideas which are not distinguished from 
realities. But the very belief in their reality is owing to their being 

* The case is given in the German translation of Sir H. Davy’s Researches on 
Nitrous Oxyde (Untersuchungen iiber das oxydirte Stickgas, 2 Bd. Lerago. 1814, p. 
326). 
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seated in the senses, and having all the truthsomeness of real sensa¬ 
tions; moreover, this belief in their reality is not an essential character 
of such phenomena. It would be an error of the understanding to 
believe in the reality of mere ideas. But these phantasms may present 
themselves with all the distinctness and force of a real sensation, with 
colour or with sound, and yet not to be mistaken for real impressions 
from without. The false views entertained respecting these pheno¬ 
mena, have arisen from the hallucinations of the insane having been 
principally the subject of observation: hence I avoid the use of the 
term hallucination. The name of visions is a more correct expression 
for the states now under consideration, when they affect the sense of 
sight. For they are really affections of that sense, and have their seat 
as truly in its apparatus as any visual perceptions from external im¬ 
pressions. Even the sensations of the sense of sight, excited from 
without, afford us the opportunity of observing the influence of ideas 
on the state of the retina; since certain parts of images acquire an ex¬ 
treme distinctness, from being made the subject of more particular con¬ 
ception by the mind, or, in ordinary language, from the attention being 
particularly directed to them. 

Without actual sensations, we are accustomed to conceive the presence of outlines, 
and, consequently, of forms, in the dark field which appears before the closed eyes. 
This seems to result from a few particles or points of the retina becoming the subject 
of conceptions. No illuminated and coloured image is perceived in this case. For 
such a result, it would be necessary that the particular points of the retina should be 
conceived as being, not in the state of rest, but in that of action, on which the appear¬ 
ance of light and colour depends. This production of colourless figures in the field of 
vision, by an action of the mind, is, however, sometimes so perfect, that outlines of 
objects on which the eyes have been long fixed, return with great distinctness. For 
example, the forms of structures which have been attentively examined with the mi¬ 
croscope, suddenly present themselves to our vision, even though many hours have 
elapsed since they were actually seen. But not merely outlines of objects which have 
been presented to our sense of vision, are reproduced; new configurations also appear 
at times, when external impressions are excluded. This happens frequently to chil¬ 
dren of active imagination, when they are placed in the dark: faces and terrific forms 
seem to present themselves to them in outline, and devoid of colour and light. All 
these phenomena appear to result from some kind of reciprocal action, which takes 
place between the sensorium and the retina. 

The subjective images of which we are speaking have sometimes, however, both 
colour and light; different particles of the retina, of the optic nerve, and of its pro¬ 
longations to the brain, being conceived as existing in special states of action. This 
happens rarely in the state of health, but frequently in disease. These are the true 
phantasms which may occur to the sense of hearing and other senses, as well as to 
that of vision. The process by which “ phantasms” are produced, is the reverse of 
that to which the vision of actual external objects is due. In the latter case particles 
of the retina thrown into an active state by external impressions, are conceived in that 
condition by the sensorium; in the former case, the idea in the sensorium excites the 
active state of corresponding particles of the retina or optic nerve. The action of the 
material organ of vision, which has extension in space, upon the mind, so as to pro¬ 
duce the idea of an object having extension, form, and relation of parts, and the 
action of such an idea upon the organ of vision so as to produce a corresponding sen¬ 
sation, are both equally wonderful; and hence, the spectral phenomena or visions are 
not more extraordnary than the ordinary function of sight. The following are the 
states of the body in which the above phenomena are observed:— 

a. Immediately before sleep, at the time of waking, and when half awake. Who 
has not observed the vivid images which present themselves to the eye before sleep; 
the light which sometimes appears to the closed eyes at that time; the forms some¬ 
times brightly illuminated, which suddenly present themselves, and quickly change; 
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or the sudden sound, as if one called loudly in our ears, which, in that state, is heard 
without any external cause!* * * § A close attention to one’s own condition at the time 
specified, is quite convincing as to the phenomena in question being real sensations, 
and not merely ideas. Any one who can watch the changes which take place in him¬ 
self, at the time when sleep is coming on, will sometimes be able to perceive the 
images distinctly in the eyes. On waking, too, in a dark room, it sometimes happens 
that images of landscapes and similar objects still float before the eyes. Aristotle, 
(in his Essay on Dreams, chap, iii.) Spinoza, {Opera Posthuma, epist. 30,) and still 
more recently, Gruithuisen, have made this observation. I have, myself, also very 
frequently seen these phantasms, but am now less liable to them than formerly. It 
has become my custom, when I perceive such images, immediately to open my eyes 
and direct them upon the wall or surrounding bodies. The images are then still visi¬ 
ble, but quickly fade. They are seen whichever way the head is turned, but I have 
not observed that they moved with the eyes. The answers to the inquiries which I 
make every year, of the students attending my lectures, as to whether they have ex¬ 
perienced anything of the kind, have convinced me that it is a phenomenon known to 
comparatively few persons. For among a hundred students, two or three only, and 
sometimes only one, have observed it. This rarity of the phenomenon is, however, 
more apparent than real. I am satisfied that many persons would perceive these 
spectres, if they learned to observe their sensations at the proper times. There are, 
however, undoubtedly many individuals to whom they never appear, and in my own 
case they now sometimes fail to show themselves for several months at a time, al¬ 
though, in my youth, they occurred frequently. Jean Paul recommended the watch¬ 
ing of the phantasms which appear to the closed eyes, as a means of inducing sleep. 

b. The facts already mentioned prove that the images seen in dreams,—not the 
mere ideas of things conceived in dreams,—are phenomena of the same kind as the 
phantasms. For the images which remain before the eyes when we awake, are iden¬ 
tical with the objects perceived in our dreams.f Even the blind sometimes see in 
their dreams images of luminous objects.:}: 

The phenomena hitherto described, may occur to any person in the state of health. 

c. The diseases in which the occurrence of phantasms is frequent, are fever, 
nervous irritation of the brain, phrenitis (in which disease they remain for some time 
during convalescence), narcotism, insanity, and epilepsy.§ The well known book¬ 
seller of Berlin, Nicolai, when suffering from intermittent fever, saw coloured pic¬ 
tures of landscapes, trees, and rocks, of half the natural size, which appeared to him 
even before the cold stage set in, and resembled frame paintings. If he kept his 
eyes closed, they underwent constant changes; some figures disappeared, while new 
ones showed themselves. As soon as he opened his eyes the whole vanished. In¬ 
flammation of the optic nerve is also attended with the perception of luminous phan¬ 
tasms. A very remarkable case was observed by Lincke, (ZIe fungo medullari oculi. 
Lips. 1834,) in which the extirpation of an eye was followed by the appearance of 
luminous figures before the orbit, as long as the inflammation consequent on the ope¬ 
ration endured. In another case, {^Berliner Monats schrift, 1800, p. 253,) a female, 
who was stone blind, complained of having luminous images with pale colours before 
her eyes. These cases prove that the presence of the retina is not a necessary con¬ 
dition for the production of such phenomena; but on the contrary, that the deeper 
seated parts of the essential organ of vision are alone required. It is an old and fre¬ 
quent observation, that pressure, exerted on the brain, in persons who have been tre¬ 
panned, causes them to see flashes of light. Esquirol knew an insane person who 
saw visions, and in whom, after death, he found both optic nerves in a stale of atrophy 
from the eye to the chiasma. (^Dict. de Scienc. Med. Jlrl. Hallucinations.) 

* A detailed account of these phenomena is given in Moritz and Pockel’s Magazin der 
Erfahrungsseelenkunde, 5 b. 2. p. 88; by Nasse, in his Zeitschrift fur Anthropologie, 1825, 3. 
p. 166; and in J. Miiller Ueber die Phantastischen Gesichts-ersclieinungen. Coblenz. 1826, 

p. 20. 

t See Goethe, Vorrede zur Farbenlehre; also the excellent remarks of Gruithuisen, in his 
Beitrage znr Physiognomic und Eautognosie, p. 236. 

t See J. Muller,op. cit., and Herman in Ammon’s Monats-schrifl, 1838. 

§ For an account of phantasms seen in the state of narcotism, consult Sir H. Davy’s 
Researches on Nitrous Oxydc. Richerz, in Muratori, ttber die Einbildungskraft. 2, lli. Leipz. 
1785, p. 123. 
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In cases of insanity, phrenitis, cerebral irritation and narcotism, the 
phantasms are seen even when the eyes are open, and combine with 
the impressions produced on the sense of vision by real objects. 

Simple cerebral irritation, in persons who are not insane, may give 
rise to wliat is called the seeing of visions. According to the tenden¬ 
cies of the mind, the phantasms seen under these circumstances will be 
of a religious, consolatory, and benignant character, or fearful forms of 
living or dead persons, as in the case of the so called “second sight’’ of 
northern nations. The vision may be seen with the eyes open, the 
images from internal causes mingling themselves with those of real 
objects. In this case, it may happen that the images of external 
objects are seen through the phantasms as through a veil. In some in¬ 
stances persons see the forms of other individuals; in others, their own 
forms. According to the degree of mental culture of the subject of 
these visions, are they regarded as real, or as the result of a disordered 
state of the sensorium. In the former case the spectre-seer not only 
mistakes his own condition, but he is regarded erroneously, both by 
the superstitious and credulous multitude, and by the more skeptical 
persons, who think him a madman or visionary. When a person who 
is not insane sees spectres, and believes them to be real, his intellect 
must be imperfectly exercised. 

We have instances of persons seeing spectres, and recognising their 
true nature, in the case related by Bonnet and in Nicolai. Bonnet 
{tdnalytische Versuche uber die Seelenkrdfte. Bremen^ 1780. 2 Th. 
p. 59) knew a gentleman gifted with perfect health of body, with can¬ 
dour, good judgment, and memory, in whom, from time to time, when 
he neither had recently awoke nor was inclined to sleep, figures of 
birds, carriages, and buildings appeared, independently of all external 
cause, and moved before his eyes. Sometimes the carpet of his room 
seemed all at once to change its pattern. The spectral images, here, 
were as distinct as real objects. This gentleman, however, judged 
rightly as to the nature of the phenomenon, and corrected any first erro¬ 
neous impressions. 

Nicolai, whose case is so frequently quoted, was accustomed to be 
bled twice a year, and to have leeches applied two or three times 
annually for the relief of haemorrhoids. During the latter part of the 
year 1790 both these measures had been omitted, and it was early in 
1791 that the spectral illusions first appeared to him. After a violent 
quarrel and agitation of mind, he suddenly perceived at a short dis¬ 
tance in front of him, a form like that of a deceased person. Later in 
the same day there appeared several other walking figures, which con¬ 
tinued to appear for some days. Nicolai could in no way regulate the 
appearance of these phantasms by his will; he could not even deter¬ 
mine the appearance of one person rather than another. The figures 
were for the most part those of strangers. They appeared both by 
day and night, and presented the different colours of the flesh and 
dresses, though the colours were paler than in natural objects. After 
the lapse of four weeks, during all which time Nicolai continued to 
walk abroad, the phantasms began to talk. At the end of about two 
months leeches were applied to the anus, and on the very same day 
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the phantasms began to fade and to move more slowly. At length they 
seemed to dissolve away, leaving fragments visible for a considerable 
time.* It is very rarely that the power is possessed of producing at 
will, in the form of phantasms, while the eyes are closed, images of the 
objects conceived as ideas in our minds. The cases of Cardanus, 
Goethe, and a few others mentioned in my essay already referred to, 
are instances of this power. Goethe in his tract “Zur Morphologie 
und Wissenschaft,” says, “when I closed my eyes and depressed my 
head, I could cause the image of a flower to appear in the middle of 
the field of vision; this flower did not for a moment retain its first form, 
but unfolded itself, and developed from its interior new flowers, formed 
of coloured or sometimes green leaves. These were not natural flowers, 
but of fantastic forms, although symmetrical as the rosettes of sculptors. 
I was unable to fix any one form, but the development of new flowers 
continued as long as I desired it, without any variation in the rapidity 
of the changes. The same thing occurred when I figured to myself a 
variegated disk. The coloured figures upon it underwent constant 
changes, which extended progressively, from the centre towards the 
periphery, exactly like the changes in the modern kaleidoskope.” 

In the year 1828,1 had the opportunity of conversing with Goethe upon this subject, 
in which we were both much interested. He knew that I frequently saw ditferent 
figures in the field of vision, when I lay quietly down to sleep, with my eyes closed, 
but before sleep had actually come on; and he was very desirous of learning what forms 
these images took in my case. I explained to him that I had no voluntary power over 
either the production of these images or their changes of form, and that they never 
presented the slightest tendency to a symmetrical and vegetative development. 
Goethe, on the contrary, was able to give the type for the phantasm, and then the 
different variations ensued it, as it seemed, independently of the will, though with 
regularity and symmetry. I’his difference accorded well with the characters of our 
minds, of which the one had the creative power of the poet, while the other was 
engaged in the investigation of the actual phenomena of nature.f 

h. Influence of ideas upon motio7is. —Ideas produce motions even 
more readily than they produce sensations. The following are the 
conditions in which such phenomena occur:— 

1. The resolve to execute a particular motion sets in action the cor¬ 
responding cerebral nervous fibres, and the motion is effected, if it be 
possible, through the medium of the cerebro-spinal system of nerves. 
(See account of the voluntary movements at page 673.) 

2. The idea of a particular motion also determines a current of 
nervous action towards the necessary muscles, and gives rise to the 
motion independently of the will. In this way the movements of 
yawning, laughing, &c., are produced involuntarily, when another per¬ 
son is seen to yawn or laugh. (See page 672.) 

3. Any sudden change in the ideas, though without emotion, and 
having reference to mere external objects, may excite involuntary mo¬ 
tions; such as that of laughter. We have instances of a similar kind in 

♦ Berliner Monats-schrift, 1799, Mai. It is known only to a few persons, that Goethe, 
who had been offended with Nicolai, satisfied his revenge by caricaturing him as the 
Proctophantasmist, in the scene on the Blocksberg, in Faust. 

t Compare Abercrombie’s Inquiries concerning the Intellectul Powers, Edinb. 1830. On 
the phantasms of the sense of hearing, see my own work already referred to, p. 80, and 
Froriep s Notiz. B. x. p. 10. 

67 * 
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the motions which occur when two ideas are suddenly conceived to 
contradict each other, or when the solution of a difficulty is conceived 
unexpectedly, 

4. The idea of our own strength gives strength to our movements. 
A person who is confident of ejecting anything by muscular efforts, 
will do it more easily than one not so confident in his own power. The 
idea that a change is certainly about to take place in the actions of the 
nervous system, may produce such a change in the nervous energy, 
that exertions hitherto impossible become possible. I'his is still more 
likely to be the case, if the individual is at the time in a state of mental 
emotion. 

5. The passions or emotions themselves give rise to involuntary 
actions or relaxations of muscles, according as the state of passion is 
dependent on exciting or depressing ideas. The same passions occur¬ 
ring frequently induce a fixed expression of the features, and betray the 
characteristic temper of the mind, in the same way that each passion 
which occurs declares itself by its corresponding physiognomical motions. 
(See pages 672 —674.) 

c. Influence of ideas upon nutrition, growth, and secretion. —The 
phenomena dependent on the influence of ideas of the mind upon the 
processes of the body are very analogous to the foregoing. They may 
he arranged as follows:— 

1. Excessive exercise of the mind diminishes the activity of the 
nutritive processes. 

2. An idea having reference to a secretion causes a stream of nervous 
energy to be directed towards the secreting organ; and, if the -mind is 
at the same time occupied by a passion or an emotion, the effect just 
mentioned is more marked. Thus, the saliva is secreted in greater 
abundance when the idea of food occurs to the mind; the secretion of 
milk is increased when the young are about the mother, and when the 
idea of them, rendered intense by emotion, occupies her mind; the 
conception of voluptuous ideas causes the semen to be secreted in larger 
quantity. 

3. The idea that a structural defect will certainly be removed by a 
certain act increases the organic action of the part, and sometimes pro¬ 
duces a cure. Hence, the cure of warts by what is called sympathy; 
si fabula vera. 

4. The passions sometimes excite profuse secretions, such as a flow of tears, or 
perspiration, or diarrhoea; sometimes they repress the organic chemical processes by 
which the secretions are formed, so as to alter their quality. From the latter cause, 
the milk of a woman who is nursing becomes after a fit of passion indigestible and 
irritating to the child. Under certain circumstances, also, the passions cause the 
suppression or retention of secretions: thus the urine is watery, from the natural in¬ 
gredients of that fluid not being eliminated, after a fright; and anger, grief, and other 
emotions give rise to jaundice, by causing the matter secreted to be re-absorbed into 
the capillary blood-vessels of the liver, instead of being carried out by the branches of 
the bile duct. 

5. Predispositions to particular diseases of nutrition speedily manifest themselves 
by actual lesions under the influence of passions. Grief, and deep suffering, in a very 
short time develope phthisis, liver disease, and affections of the heart, when a predis¬ 
position to those maladies previously exists. 

6. The culture of the mind by observation and varied attainments 
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has an ennobling influence on the corporeal form, and particularly on 
the lineaments of the face. A comparison of the forms and features 
most general in the different classes of society leaves no doubt as to the 
truth of this remark. The form which is acquired becomes hereditary. 
This influence is most manifest in the most exclusive ranks of society, 
which seldom intermarry with other ranks, and in which the education 
of the children is carefully attended to. The only way in which we 
can conceive the form of the features to be influenced by the culture 
of the mind is, that all excess of nutritive matter is removed from 
them, and their formation more strictly confined to the type of the 
organism. 

Of the mental phenomena in compound and divided animals, and in animals 
united hy abnormal concretion. 

a. In compound animals .—Among the lower animals there are many which really 
represent systems of numerous individuals, united by one common stem. Plants, 
likewise, are aggregates of many concurrent individuals rather than simple organisms. 
For the leaf-buds of a plant are individuals which have all the same structure, have the 
power of independent existence when separated artificially or spontaneously, and are 
capable of developing new systems of similar individuals. The vessels of each bud 
are prolonged in the vascular layers of the common stem as far as the root, and thus 
the stem resembles a fasciculus of distinct individual plants, which develops them¬ 
selves at different points of its length. 

The compound animals comprehend the compound Vorticellinae, Polypifera, Entozoa, 
and Mollusca, as well as all those animals which propagate by division, at the period 
when their separating parts are not wholly detached. Two distinct individuals of the 
compound animals are sometimes united by a common stem, of which they represent 
the branches, and from which they are developed by the formation of buds; as in the 
case of the compound branched polypes. Sometimes they are united in a radiate 
manner, which is the form of the Botrylli; whilst in other cases many are connected 
in one mass, or, like the Infusoria, which propagate by longitudinal division, they are 
united in a lateral series; or, again, like other Infusoria, and some Annelida,—which 
propagate by transverse division,—they are connected in a longitudinal chain. Most 
plants, and all the compound animals, are to be regarded as families of individuals, 
which either are developed singly upon the common stem, as in the majority of in¬ 
stances, or are compound even in their embryonic condition, as in the case with the 
Botrylli, according to the observation of Sars. (^Froriep's Notizen, 1837, No. 51.) In 
some instances the different individuals composing the compound animal have certain 
important organs in common. Thus, in the Sertulariae, the canal of the stem communi¬ 
cates with the digestive cavities of each single polype. In the Hydrae, it was observed 
by Trembley that the digestive cavity of the young polype at first formed part of that 
of the parent animal, and that the food passed from the one to the other. In the Nais, 
also, during the development of several new individuals by division, the intestinal canal 
is continued through the whole series, and the parent animal takes food for them all. 
In those Annelida which undergo spontaneous division, the imperfectly formed new 
creatures, which are merely composed of a certain number of the segments of the 
parent animal, at one period evidently obey the sensorium seated in the cephalic por¬ 
tion of the parent, and execute its desires and resolves. But, in proportion as their 
separation becomes more complete, and the parts which are to form the new animals 
become independent, and acquire new centres of nervous action by development of 
their cephalic portion, each of these new worms, also, becomes endowed with special 
will and desires, which it manifests distinctly enough even before it is quite separated, 
by its attempts to detach itself from the body of the parent worm. 

The distinct polypes, which are united by a common stem in the compound Polypi¬ 
fera, are independent individuals, endowed with an independent will and nervous 
centre. The irritation of a single polype causes the retraction of that one only, and 
not of all the polypes of the stem. The stem itself has no individuality; it has no 
desire, and is incapable of conceiving any object of desire. In it, however, resides 
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the power of producing new individuals by the process of germination. In the per¬ 
sistent branched polypiferous animals the stem is not even capable of motion by the 
will of the individual polypes. Rapp, it is true, observed occasionally slight motions 
of a peculiar character in the stem of Veretillum, but these did not resemble voluntary 
motions. The Hydrse, while they are undergoing multiplication by germination, are 
compound systems of individuals, but these individuals after a lime separate from 
each other; and the stem in them does not bear the same relation to the separate 
polypes as it does in the permanently compound Polypifera. The stem of the 
Hydra constitutes from the first the main part of the parent polype, and is subject to 
the cephalic portion of that individual; while, on the other hand, the young polypes 
manifest the influence of their will only as far as the point at which they are con¬ 
nected with the parent trunk, and at which their separation from it afterwards takes 
place. 

b. Double monsters of the human species and of brutes ,—Respecting 
the mode of formation of these double monsters, all that is essential 
has already been said. The following natural divisions include their 
various forms. The abundant examples contained in the Museum of 
Berlin may all be referred to one or other of the following general 
heads:— 

I. The axis of the body in part double. 

a. The upper part of the trunk double, while the lower part is single. ,Bxis sursum 
duplex. Of this form of double monster, in which the cephalic and spinal axis are 
bifid at the upper part, there are all degrees, from the monster with a double muzzle 
or double head, to that in which the whole upper part of the body, as low as the 
sacrum, or still lower, is double. 

b. The lower part only of the trunk or axis of the body double. Axis deorsum 
duplex. Of this form, also, there is every degree, even to that condition in which 
the entire trunk, and even the posterior part of the head, are double, and only the 
snout single. 

II. Axis duplex. Two bodies with their axes distinct, united by identical parts 
with or without defect at that point of union. 

a. Union without deficiency of parts; all parts of the two embryos being perfect. 
In this case each embro seems to be partially cleft. For example, in the head of one 

b 

a-, the two halves of the face, 6 and b, are separated from each other, the occiput, a 
b 

remaining undivided; and, in the same way, the two halves of the face, & and 0, in the 
& 

head -« of the other embryo, are separated, while the occiput, a, remains single. 

hR 

Hence there is this confusion, a— a, of J;he parts of the united head; each face, bB, of 

l)B 

the double head being composed of halves, which belong to two different embryos. 
The examination of the cranium and brain proves that this is the case.* The synce- 
phalus, synthorax, syngaster, as well as the pygodidymus of Gurlt, when not com¬ 
bined with deficiency of parts, are varieties of ihis form of monstrosity. The syn- 
cephalus, without deficiency of parts, is the true Janus-monster. But there are cases 
of synthorax and syngaster, in which the condition of the thorax and abdomen is the 
same as that of the head in the Janus-monster. 

b. Two embryos united by identical parts, with defect at the place of coalescence. 
Monstrosities of this kiijd are due to the same principle as the coalescence of corre¬ 
sponding organs of the two sides of the body in single monsters. The coalescence 
and loss of parts may be situated either at the side or at the front of the body. Such 
are the syncephalus aprosopus, in which the faces of both embryos are deficient, and 
the corresponding forms of the synthorax and syngaster. From the lateral syncephali 
there is a gradual transition to to the monsters with partially double axis. 

c. Two bodies united by dissimilar parts. 

III. Implantatio .—Two bodies united, but only one perfectly developed, while the 
other remains in a rudimentary state. 

* Compare J. Gcoffroy St. Hilaire, Hist, des Anomalies, tom. iii. p. 110. 



MENTAL PHENOMENA IN DOUBLE MONSTERS. 


801 


a, Implantatio externa. —1. Implantatio externa xqualts, in which the parts of the 
imperfect emhryo are connected with corresponding parts of the perfect one; as, for 
example, where the posterior parts of the body of a diminutive foetus hang to the 
front of the thorax of a fully formed child; or where a third foot, parasitic hand, or 
supernumerary jaw is present. 2. Implantatio externa imequalis, in which the perfect 
and imperfect foetus are connected by dissimilar points. 

b. Implantatio interna} where one foetus contains within it a second. 

IV. Parts of the body external to the axis, cleft so as to be double. 
It is sometimes difficult to distinguish this form of monstrosity from the 
preceding.* 

Our knowledge respecting the mental phenomena of double monsters 
is very limited, the opportunity of observing them occurring very rarely, 
and most of these monstrous foetuses dying soon after birth. Some few 
observations, however, have been instituted upon the most important 
forms of monstrosities. In that form in which the upper part of the 
axis is double, and the lower part single, it is found that the two heads 
do not each possess voluntary influence over the entire lower half of 
the body, as might have been expected; but that the right head moves 
only the right half of the body and the right lower extremity, while the 
left head moves the left half of the trunk and left lower extremity. 
These results have been obtained by observations instituted in the case 
of Rita Christina.t Irritation of the right foot also was felt only by 
the right head, and irritation of the left foot only by the left head. It 
was only when the middle line of the body was touched that it was felt 
by both heads. This form of monstrosity, therefore, would appear to 
result rather from the fusion or coalescence of two embryos, with loss 
or destruction of the intermediate parts, than from the partial division 
of one germ. In Rita and Christina the intestinal canal was double as 
low as the ileum, but thence downwards it was single. The desire of 
evacuating the bowels was almost always felt simultaneously by both. 
There can, consequently, be no doubt that the single part of the intes¬ 
tinal canal was produced by the coalescence of two intestinal tubes, of 
both of which a part of the walls was lost. (Consult J. Geoff. St. 
Hilaire, iii. p. 189.) 

With respect to the monsters in which the brain and cranial cavity are single, while 
the muzzle or the trunk is double, I have* myself had the opportunity of making a 
single observation upon the laws of their sensations and volition. It was in the case 
of a calf, of which the body and occiput were single but the anterior part of the head 
and the muzzle double, there being three eyes, of which the middle one resulted from 
the fusion of the internal eyes of two faces. It is not many years since I saw this 
calf alive; I was able to observe it only for a short period, and know nothing of its 
anatomy. As the creature was not my property, I was only interested in ascertaining 
how it was affected by sensations. I touched, therefore, one of the mouths with a 
stick and was surprised to see the tongues of both mouths protruded simultaneously 
and in exactly the same manner. 1 cannot exactly recollect whether both tongues 
diverged when protruded, or whether they both moved towards the same side; but 1 
am rather inclined to think that the former was the case. It is much to be desired that 
the opportunities of observing such cases should not be neglected. The simultaneous 
manifestation of one will in both the double parts of such monsters would accord better 
with the idea of their being produced by partial division of the germ, than with that 
of their being due to the coalescence of two germs. 

* On the anatomy of the double monsters, consult Barkow, Monstra animalium 
duplicia per anatomen indagata. Lips. 1828. 

f Serres, Recherches d’Anatomie Transcendante et Pathologique. Paris, 1832. 
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The cases of implantatio are most frequently met with. The parts of the imperfectly 
developed embryo, when destitute of head, are generally void of sensibility, the per¬ 
fect individual being conscious of no sensation from impressions made upon them. 
Such was the case in the body examined during life by Burdach, {Med. Zeitung des 
Vereins fur Heilkunde in Preussen, ii. 209,) in which four well-formed extremities 
hung from the superior abdominal region. This monster is preserved in the Anatomi 
cal Museum of Berlin. The appended extremities receive no nerves from the larger 
trunk, but are nourished by its mammary arteries. (For a description of several similar 
cases, see J. Geoff. St. Hilaire. Op. cit.) Cases of this kind, however, have been 
observed in which irritation of the rudimentary remains of the second embryo was felt 
by the fully developed individual. (Ibid. p. 227, 231.) And this appears in no way 
impossible, when we consider that the new noses formed by the rhino-plastic opera- 
V tion are at first insensible, but gradually acquire feeling. Hitherto, it has never been 
observed, that both heads of a double-headed monster have exerted voluntary influence 
over the entire single trunk. The possibility of this occurring, however, at least ift 
the lower animals, cannot be absolutely denied. It is, indeed, much to be desired, 
that some accurate observations should be instituted upon the double-headed Hydrai 
with single trunk, which, as Trembley has shown, may with great ease be artificially 
produced, by dividing longitudinally the cephalic end of a polype. In the branched 
Vorticella, Carchesium polypinum of Ehrenberg, which propagates by spontaneous 
longitudinal division, the separate individuals thus produced are seated upon one stem 
endowed with muscular contractility. In this animal, therefore, the subjection of one 
common trunk or stem to two centres of volition may, perhaps, exist. 

c. Influence of the mind of the mother upon the foetus. 

The connection subsisting between the mother and the foetus resem¬ 
bles that between the parent polype and the gemmae or buds developed 
upon it, which have each an individual vitality, and gradually acquire 
an isolated condition and independent centres of action. The will of 
the parent trunk has no influence over the motions of the developed 
germ, and we have no more reason to expect such an influence in the 
case of the human subject and mammalia. In the Nais, which multi¬ 
plies itself by spontaneous division, the part which subsequently becomes 
a new individual moves under the directing influence of the brain of 
the original worm; but this is a different case; it is not the development 
of a new organism from an unorganised germ, but the mere isolation 
of a part from another organism, to the will of which it has been 
subject. 

The influence of the mind of the mother upon the nutritive processes 
of the foetus must also be considered in this place. 

The general question which should first be determined is, whether the 
influence of the mind is so extended that determinate ideas of physical 
and tangible phenomena are able to cause their own realisation by cor¬ 
responding plastic changes in part of the organism. 

That the mind has such an influence over the sensations and motions 
is beyond a doubt. But the question is, whether the idea of a special 
form with a particular colour can cause the organism to realise this 
form and colour by a change in a part of the skin of the body. This 
question is involved in that respecting the influence of the imagination 
of the mother upon the organisation of the foetus; but in the latter case 
we are required to admit that the mind can exert an influence even 
external to the organism to which it belongs. 

The cure of small organic lesions, snch as warts, through the medium of the im¬ 
agination, cannot be adduced in support of the affirmative of the above question; for 
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in such cures the mental idea does not produce a definite form, but merely excites an 
increase of the natural nutritive process. The natural organic action being increased 
is inimical to the existence of a morbid growth, such as a wart; and, hence, the latter 
wastes. But the imagination of the mother is supposed to produce some positive re¬ 
sults,—a modified structure, even in form corresponding with the efficient idea. That 
such an influence exists is improbable, from the mere circumstance that it is supposed 
to extend from one organism to another; while the connection of mother and child is 
nothing more than the closest possible juxta-position of two organisms in themselves 
perfectly distinct, which exert an attraction on each other by their contiguous surfaces, 
and one of which receives its nutriment and warmth from the other. But there are 
many other reasons which tend to refute this old and popular superstition. Nearly 
all the monstrosities born in Prussia are brought under my observation; and, never¬ 
theless, I can assert, that a new form scarcely ever presents itself, but, on the con¬ 
trary, that the great mass are constituted of certain kinds of monstrosities constantly 
repeated, which belong to the great categories of arrests of development, divided or 
cleft parts, defects, coalescence of lateral organs with deficiency of the intervening 
parts, &c. In the accounts given of these monsters, however, it is frequently stated 
that the mind of the mother when pregnant was strongly affected by some object, and 
the way in which this happened is described, although the monstrosity presents not 
the slightest resemblance to the object in question. Moreover, when we consider that 
every woman during her pregnancy must certainly be frightened several times, and 
that very many have once at least, if not oftener, a presentiment of evil from such 
frights without any result following, we certainly must perceive that, when a monster 
happens to be born, circumstances will not be wanting to afford an explanation of its 
occurrence conformably with the popular belief. 

The only way, therefore, in which the mind of the mother can reason¬ 
ably be supposed to atfect the foetus, is by a sudden emotion in the former 
producing an equally sudden change in the organic actions subsisting be¬ 
tween her and the foetus, so as to bring about an arrest of development 
in the latter, or to fix its forms at certain transitory stages of metamor¬ 
phosis; without the idea in the mother’s mind having any direct influence 
upon that part of the foetus in which these arrests occur. Most monsters 
are abnormally formed in several distinct parts, and frequently we find 
arrests of development in very different and distant parts of the same 
foetus. 

If we are correct in denying that ideas conceived in the mind of one 
organised being, can be realised in the structure of another individual; 
then it will be scarcely probable that one person can influence the 
ideas of another in any other way than by speech or signs. Even 
though it should be admitted, that organic beings may exert unknown 
or what are called « magnetic” influences on each other, and, perhaps, 
without contact, through the medium of the nerves; still the communi¬ 
cation of ideas or particular states of the mind from one person to 
another, as in the pretended phenomena of animal magnetism, &c., 
would remain as improbable as it is inconceivable. 


CHAPTER III. 

OF THE TEMPERAMENTS. 

The temperaments are peculiar permanent conditions or modes of 
mutual reaction of the mind and organism. They are chiefly dependent 
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on the relation which subsists between the “ strivings” or emotions of 
the mind, and the excitable structure of the body. Men differ in their 
capability of conceiving merely simple or general ideas; in their faculty 
of abstraction, reasoning, memory, imagination, and power of combin¬ 
ing ideas: such differences, however, do not constitute the temperaments, 
but rather the varieties of talents. The temperaments at present re¬ 
cognised, have been distinguished from the earliest times, and no better 
division of them could perhaps be offered. The views on which the 
older writers based their division of these temperaments, were, how¬ 
ever, as incorrect as their notions respecting the primary elements of the 
human body. Galen’s distinction of the sanguine, phlegmatic, choleric, 
and melancholic temperaments was founded on the hypothesis of the 
Greek philosophers, concerning the four elements of nature,—air, water, 
fire, and earth, and the corresponding qualities of heat, cold, dryness, 
and moisture. It was supposed that there were four corresponding 
primary components of the human body, namely, blood, phlegm, bile, 
and black bile; and the preponderance of one* or other of these com¬ 
ponents in different persons was imagined to produce the different tem¬ 
peraments. 

It would very little aid the elucidation of this subject to relate all the 
various divisions of the temperaments that have been proposed. We 
might certainly expect to find the temperaments connected with the 
great functions of the body, and with the systems of organs subservient 
to those functions; for example, to find different temperaments produced 
by the preponderance of the vegetative (nutritive), motor, or sensitive 
systems. In this case we should have a vegetative, a motor, and a sen- 
sitive temperament. But the mental peculiarities of the temperaments 
are not dependent on the excessive development of these systems of 
organs. Great muscular power is far from producing a choleric indi¬ 
vidual; and the phlegmatic temperament occurs both in those whose 
vegetative or nutritive functions are well, and in those in whom they 
are ill, performed. All well nourished and stout persons are not phleg¬ 
matic, and many who are very thin have that temperament in a marked 
degree. Choleric persons, also, may be well nourished or thin, of a 
muscular or of a delicate build; and the same may be said of the san¬ 
guine. All the attempts to characterise the temperaments by a par¬ 
ticular structure of body are defective. We ought, in fact, to distinguish 
from the temperaments particular physiological constitutions of the body, 
which are really dependent on the relative development of the different 
systems of organs, such as the muscular, vegetative, and sensitive con¬ 
stitutions; though these may be combined with peculiar temperaments. 

Much confusion has arisen relative to this subject, from a proper distinction not 
having been drawn between the pathological constitutions of the body and the tempe¬ 
raments of the mind. It has been imagined that persons of the phlegmatic tempera¬ 
ment are bloated, pale, and leuco-phlegmatic; a state which would indicate a relative 
excess of the liquor sanguinis in comparison with the red particles of the blood. 
Hence a predisposition to diseases of the fluids. Scrofula and chlorosis were sup¬ 
posed to attend this temperament. The sanguine temperament has been confounded 
with the phthisical constitution or consumptive habit, and has been regarded as pre¬ 
disposing to fever, pulmonary disease, and active hemorrhages. Choleric persons, 
again, are supposed to be liable to hepatic disease. All such notions arise from the 
error of not distinguishing the leuco-phlegmatic, phthisical, hepatic, and nervous con- 
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stitutions, and other abnormal predispositions of the body, from the temperaments of 
the mind. There are many choleric persons, who, when labouring under emotion, 
suffer in any other organ sooner than the liver; who, for example, become affected 
with indigestion, palpitation of the heart, or nervous tremors and twitchings. The 
morbid bilious constitution of the body must exist in persons who have a yellowish 
tint of the skin, and suffer disorder of the liver, not merely when they are affected 
with grief and anger, but when they are subject to any mental emotion. 

According to my view the temperaments are entirely dependent on the different 
degrees in which different individuals are disposed to the strivings and emotions 
arising from the depression or excitement of the feeling of self; in other words, on 
the different degrees of disposition to the states of desire, pleasure and pain, and on 
the extent to which these states of the mind are promoted by the composition and 
states of the organs of the body. VVe have already stated it to be probable, that the 
strivings or emotions of the mind are due to that fundamental property of organic 
beings, which causes them to seek the integrity of self, and which, without even 
exciting distinct sensations, yet influences the conception of ideas and enters into 
combination with them. 

When the organisation of an individual is such, that his mental strivings or emo¬ 
tions are neither intense nor enduring, he is of \.\\ephlegmatic or unexcitable tempera¬ 
ment, in which the ideas of things, and the combinations of these ideas, remain more 
or less completely mere ideas, uncombined with any strong feelings of the restriction 
or expansion of self,—unmodified by pleasure, pain, or desire. The phlegmatic tem¬ 
perament to which we here allude, is by no means a pathological condition. In per¬ 
sons of this temperament ideas are conceived with as much rapidity as in others, and 
there may be the same power of mind as in other temperaments. When the intellec¬ 
tual faculties are good, this temperament will render a person capable of more dif¬ 
ficult acts, and successful in a more extraordinary degree, than would be possible 
were his impulses rendered stronger by a more passionate temperament. Such a 
person, whose mental strivings, or emotions, are not violent, remains cool and undis¬ 
turbed, and is not drawn away from his determined course to the performance of acts 
which he would repent on the morrow;—he is more sure and trustworthy than persons 
of an opposite temperament, and his success more to be depended on; in times of 
danger and at moments of importance, when good judgment, calculation, and reflec¬ 
tion are needed rather than very quick action, his powers are all at his command. 
Great energy of action, which is dependent on the susceptibility of the strivings of 
self, is not to be looked for in a truly phlegmatic subject, such as I have described; 
but in place of it, all the good effects of delay and cautious calculating endurance. 
Circumstances which would excite the choleric and sanguine to hasty passionate acts, 
and would cause them painful and bitter feelings, are regarded by the phlegmatic 
without emotion, exciting merely his meditation; so that he neither complains nor 
takes part in them, but pronounces dispassionate reflections upon mankind and their 
conditions. He does not feel his misfortunes strongly, bears them with patience, and 
is also not affected in any great degree by the sufferings of others. He contracts few 
friendships, but wjhen he has formed them does not break them, and may be a per¬ 
fectly trustworthy and useful man in society. Where rapid action is required the 
phlegmatic person is less successful, and others leave him behind; but when no haste 
is necessary, and delay is admissible, he quietly attains his end, while others have 
committed error upon error, and have been diverted from their course by their pas¬ 
sions. The phlegmatic person knows his proper sphere, and does not trespass on 
that of others, or come into collision with them. From this conduct, as well as from 
an orderly and steady course of action, in which he keeps his object in view, and 
avoids self-deception, he derives a contented tone of mind, free alike from turbulent 
enjoytrfents and deep suffering. 

/That kind of phlegmatic disposition which is characterised by slug¬ 
gishness, apathy, want of sympathy, irresolution, tedionsness, difficult 
comprehension, and slow mental progress, and which prefers pain not 
acutely felt to labour and exertion, is an abnormal or pathological con¬ 
dition. The more excitable or unrestrained temperaments are the 
choleric, sanguine, and melancholic. The passions are the manifesta- 
68 
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tions of the emotions or strivings of the mind, and of the restraint or 
exaltation of these strivings, attended with feelings of pain or pleasure, 
and produced by ideas of particular objects. The striving of the mind 
may be so strong, and the attendant organic actions so inexhaustible, 
as to overcome all impediments, or the pleasurable or painful emotion 
may be intense, while the sensibility is excessive, and the reaction by 
continued strivings of the mind and organic action relatively feeble. In 
the first case the temperament is the choleric; in the second, it is either 
the sanguine or the melancholic, both of which are dependent on the 
same essential quality of mind, and more nearly allied to each other 
than to the other temperaments. 

The choleric person exhibits a power of action remarkable both for 
intensity and endurance, under the influence of passions or desires 
which have reference to himself or others. His emotions are highly 
excited whenever he experiences any opposition or check to the strivings 
of his mind, whether these strivings tend to the extension of the power 
of self, or merely to the maintenance of its integrity; and his ambition, 
his jealousy, his revenge, and his love of rule, know no bounds as long 
as he is under the influence of passion. He reflects little, but acts 
unhesitatingly, either because he alone is right, or more especially 
because it is his will so to act; and he is not readily convinced of his 
errors, but persists unalterably in the course to which his passion 
prompts him until he ruins both himself and others. 

In the sanguine temperament the main tendency of the mind is to the 
feeling of pleasure; while there is great excitability but little durability 
of the states of emotion when excited. An individual of this tempera¬ 
ment is much the subject of pleasurable feelings, and seeks that which 
will excite them; he readily sympathises, and forms many friendships, 
but as readily relinquishes them; frequently changes his inclinations, 
and is little to be depended on; he is easily enraged, but as soon relents; 
promises readily and much, and is sincere at the time, but neglects his 
promises if they are not immediately performed; conceives many pro¬ 
jects, but never executes them; is charitable towards the faults of others, 
and expects the same indulgence for his own errors; lastly, he is easily 
appeased, is open-hearted, amiable, good-tempered, social, and uncal¬ 
culating. 

The feeling of pain is the fundamental tendency of the mind in the 
melancholic temperament. The melancholic person is as easily excited 
as the sanguine, but in him painful sentiments are of longer duration 
and more frequent than pleasurable feelings; the suflerings of others 
excite his deep sympathy; he fears, repents, mistrusts, and has misgiv¬ 
ings on every occasion, and pays especial attention to everything which 
favours this tone of mind. He is prone to fancy himself oftended and 
injured, or neglected; impediments which he meets with render him 
dejected, timid, and doubting; and he loses the power either of acting 
or of judging. His desires are full of sadness, and of the feeling of 
having suifered a loss: his grief is immoderate and inconsolable. 

These delineations of the principal features distinguishing the tem¬ 
peraments might easily be extended; but to enter into any further 
details would be exceeding the bounds of our proper field of inquiry, (a) 

(a) The reader is referred to an able essay on Temperaments by Doctor Caldwell. 
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CHAPTER IV. 

OP SLEEP. 

The excitement of the organic processes in the brain which attends 
an active state of the mind, gradually renders that organ incapable of 
maintaining the mental action, and thus induces sleep, which is to the 
brain what bodily fatigue is to other parts of the nervous system. The 
cessation or remission of mental activity during sleep, in its turn, how¬ 
ever, affords an opportunity for the restoration of integrity to the 
organic conditions of the cerebrum, by which they regain their excita¬ 
bility. The brain, whose action is essential to the manifestation of 
mind, obeys, in fact, the general law which prevails over all organic phe¬ 
nomena, viz. that the phenomena of life, being particular states induced 
in the organic structures, are attended with changes in the constituent 
matter of those structures. Hence, the longer the action of the mind is 
continued, the more incapable does the brain become of supporting that 
action, and the more imperfectly are the mental processes performed, 
until at length sensations cease to be perceived, notwithstanding the 
impressions of external stimuli continue. This is entirely analogous to 
what frequently occurs during the waking state in the case of individual 
sensations. A coloured spot regarded steadfastly for a long time becomes 
at length invisible, and nothing more than a general impression on the 
retina, without defined details, is perceived. In persons of feeble 
nervous system long direction of the sight to one object causes the whole 
field of vision to become dark. Not merely the action of the mind, but 
the long-continued exertion of other functions of animal life, such as the 
senses or muscular actions, induces the same exhaustion of the organic 
states of the brain, and thereby want of sleep and sleep itself; for these 
different systems of the body participate in the change which the organic 
condition of any one of them may undergo. Lastly, impairment of the 
normal organic state of the brain by the circulation through it of blood 
charged with imperfectly assimilated nutriment, as after full meals in 
which spirituous drinks have been taken, also induces sleep. The nar¬ 
cotic medicaments act still more strongly by the change they produce in 
the organic composition of the sensorium. Even the increased pressure 
of the blood upon the brain, produced by the horizontal posture, may 
become the cause of sleep. In many persons, for instance in myself, 
sleep is brought on at will by the assumption of the recumbent position, 
while the thoughts are kept in an unexcited state. 

The duration of the periodical state of sleep, and the time at which it occurs, are 
dependent partly on external and partly on internal causes. Sleep generally occurs 
at night-time, while the waking state is coincident with day, on account of the senses, 
and consequently the brain, being subject to many causes of excitement during the 
day, but to few or none at night. The causes which determine the duration of sleep 
and waking are seated, however, in the organism itself. The day may become the 
time of sleep instead of night; and if a person keeps himself in a state of activity 
every night, he will sleep as long by day as he would otherwise have slept by night. 
It is, moreover, the nature of many animats, for example, of the so-called nocturnal 
ni mals, to be in action during the night, and to rest by day. 
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The periodical recurrence of sleep and the waking state is, therefore, essentially 
connected with something in the nature of animals, and is not dependent on the simple 
alternation of day and night. But the periods of sleeping and waking, in accordance 
with a pre-established harmony of nature, have been made to agree with those of the 
earth’s revolutions. 

In this respect the short period of twenty-four hours, during which 
the alternation of sleeping and waking occurs, corresponds to the longer 
periods of alternate rest and activity which animals present in the rut, in 
their migrations, in the changing of their feathers (moulting) and hair, 
and in hybernation and the summer-sleep. For, although hybernating 
animals fall into the torpid state on account of their inability to main¬ 
tain undiminished tlieir state of vital activity and power of developing 
heat without the aid of external warmth, yet, even in them, as the ex¬ 
periments of Czermack and Berthold have shown, there is an internal 
cause resident in the organism itself, which renders periodic rest neces¬ 
sary for the restoration of their excitability. The rellmouse, Myoxus 
glis, frequently is torpid in the summer; and the dormouse, Myoxus 
avellanarius, hybernales in the winter, whether it is in the open air or 
kept in a heated chamber; the only ditference being that the sleep is 
more profound in a cold atmosphere, and comes on earlier than in the 
heated room. In the open air the animals become torpid as early as 
October; while in the warm room they wake every day for a certain 
time until about the middle of December, when the sleep becomes more 
and more continued, and deeper, so that it is not again interrupted, or 
only very rarely, before the middle of March. The cause of hyberna¬ 
tion, therefore, according to Berthold, is not external cold alone, nor the 
want of food, but a general deficiency of vital energy, analogous to that 
displayed in the moulting of birds and similar phenomena, and connected 
with the changes of the seasons. (See Muller's Jirchiv. 1835, p. 150; 
1837, p. 63.) 

The daily sleep of plants, and their winter sleep, present in this re¬ 
spect exactly similar phenomena, and prove that neither the internal 
tendency to periodical phenomena, nor the dependence on external 
stimuli, is peculiar to organic beings supplied with nerves and a central 
source of action.* 

The waking of plants is manifested by the expansion of their leaves, and the turn¬ 
ing of their upper surface towards the light. The sleep of plants, first noticed by 
Cordus, and afterwards observed by Linnaeus to be a general phenomenon, consists in 
the leaves assuming the erect position, and folding themselves together. During the 
day, also, plants inhale carbonic acid, and exhale oxygen, while at night they absorb 
oxygen from the atmosphere. The movements attending the sleep of plants are most 
evident in the youngest leaves of the stem, and in the petals of the flowers, and least 
manifest in the older leaves. The sleep of young animals, also, is most profound. 
There are plants, as well as animals, which sleep through the day and are awake by 
night; the stimuli afforded by day being in both cases less adapted than the conditions 
of night to maintain the activity of the organism. In most plants, as in animals, sleep 
is the result of the state produced by the continued stimulus of light, and of the ab¬ 
sence of this stimulus during the night-time. For, according to the experiments of 
Decandolle, the period of the sleep of plants may be reversed by producing artificial 
night and artificial day. But still there is a cause both of the sleep and waking seated 

* See the instructive paper on the sleep of plants, by E. Meyer, in the Vortrage aus 
dem Gebiete der Naturwissenschaften und der CEconomie, herausgegeben von C. von 
Baer. Kdnigsberg, 1834, p. 127. 
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more deeply in the organism itself. From the observations of Duhamel, Ritter, and 
Decandolle, we learn that the leaves of plants kept in constant darkness, open and 
close their leaves at regular intervals. 

In general characters, the sleep of animals and that of plants resemble 
each other. There are, however, points of great dissimilarity. The 
position which the leaves assume during the sleep of plants is the same 
which they have when young, and as yet unfolded. But this position 
in sleep is not the result of relaxation; for it does not easily admit of 
being changed, so that the leaves break off in the attempt. Moreover, 
in the sensitive plants, the position which the leaves have during sleep 
is the same that they take when irritated. A stimulus applied to a sen¬ 
sitive plant at one spot, in such a manner as to give no mechanical 
shock to the whole plant,—for instance, the stimulus of heat applied by 
means of a convex lens,—is propagated gradually to other parts, the 
leaves closing in succession, according as they lie at a less or greater 
distance from the irritated point. 

The sleep of animals is a phenomenon dependent on a change in the 
animal part of the organism alone. All the functions of organic life— 
namely, the processes ministering to nutrition, with all the involuntary 
movements attending them,—pursue their ordinary course. Even the 
involuntary movements of the animal system of muscles, such as those 
of respiration, and many other movements of the same kind, as we shall 
presently show, do not partake of the repose of sleep. The organic 
system has its periods of remission and rest, but these are not coincident 
with the sleep of animal life, and are very different for different organs. 
The heart has its period of rest after each beat; the intestines and uterus 
have theirs, also, at different times; and the change and new formation 
of the hairs and feathers show us that the nutritive processes, also, have 
alternate periods of rest and action. Even the growth of a single tooth, 
spine, or feather, presents to us a cycle of states, in which the formative 
process has different degrees of activity. For, during the formation of 
the shaft of the latter organs, or the fang of the tooth, the nutritive action 
can be by no means the same as at the time when the crown of the 
tooth, the point of the spine, or the barb of the feather, is formed. In 
animals whose hair is knotted, like the vibrissse of the seal, the nutritive 
process, on which their growth depends, must consist of a regular suc¬ 
cession of alternate remissions and exaltations, since these structures 
grow only at their root. 

All the phenomena of organic life, and, indeed, all the phenomena presented by tne 
animal body, with the exception of the true animal functions which are under the in¬ 
fluence of the mind, obey, like the development of the germ, a law of absolute neces¬ 
sity; although, like it, they conform to a well-adapted plan; and the nutrition and 
maintenance even of the organs of animal life are not dependent on the operations of 
time, mind or intellect. We may, therefore, regard sleep and the waking state, as the 
result of a species of antagonism between the organic and the animal life; in which 
the animal functions, governed by the mind, from time to time become free to act, 
while at other times they are repressed by the organic force acting in obedience to a 
law of creative nature. It is true that even in the waking state the organs of animal 
life are under the dominion of the organic force; but the different properties of the 
muscles and cerebro-spinal nerves, which are the result of organisation, are engaged 
in actions very different from those of the organising process. In sleep, on the con¬ 
trary, when these animal functions entirely, or for the most part, cease, the organic 
processes are almost the only ones which continue; and, during that state, even the 

68 * 



810 


SLEEP.—ITS PHENOMENA. 


organs of animal life are rendered capable of renewed action by the operations of the 
organising force, which proceed without the consciousness of the animal, though ac¬ 
cordant with a well-contrived plan and with reason. 

In consequence of all parts of the organism participating to a certain extent in the 
states of excitement which affect primarily only one part, the waking of the system of 
animal life, and its consequent increased excitement, must be gradually imparled to 
those organs which are under the influence of the organic nervous system; and any 
functions which these organs may perform, in addition to the mere process of organisa¬ 
tion, will be in some measure affected. Hence it is that the heart’s action becomes 
rather more frequent at the time of waking than it was during sleep. The radiation 
or extension of excitement from the animal system to the organic ceases during sleep, 
and so far the organic part of the body has at that time a remission of action, though 
in a less degree than the animal system. If the waking state of the animal system is 
maintained much longer than natural, this extension of excitement from it to the or¬ 
ganic system not merely becomes more manifest, (for instance, in the acceleration of 
the heart’s action,) but the great exhaustion of the organised material by continued 
action is imperfectly balanced by the organising process. Hence ihe/signsof defective 
nutrition, which soon show themselves when watching is long protracted. 

Having considered thus far the nature of sleep generally, we will now study more 
minutely its phenomena. On the commencement of sleep the senses cease to per¬ 
ceive external impressions, and the play of ideas, and the emotions, are entirely or in 
greater part silenced. The will ceases to rule the muscles; the eyelids, which ex¬ 
perience the sensation of fatigue, are no longer under command; the head droops, and 
this state of inaction soon extends over the whole animal system of organs. 

When sleep is perfect there is generally a complete absence of voluntary motion; 
while the involuntary movements of the organic muscles, and those movements of 
certain animal muscles which are only in part under the influence of the will, such as 
the respiratory movements, continue; the movements last-mentioned merely ceasing to 
be influenced by volition. The movements of the heart, and the respiratory movements, 
are somewhat less frequent than in the waking state. The action of some animal 
muscles is increased during sleep, they being apparently released from some counter¬ 
acting force which opposed them in the waking state. Such is the case with some 
of the muscles of the eyes, as well as with the muscles of the extremities in birds 
which sleep standing on one or both legs. During sleep the eyes have a peculiar 
position. At that time, as well as in a state of mere sleepiness, both eyes are turned 
inwards and upwards. This movement is still more strongly displayed in disorders 
of the nervous system; for example, in epilepsy and catalepsy. This position of the 
eye during sleep also gives it a very different expression from that which it has in 
death. The iris is contracted in a person asleep, and the pupil consequently nar¬ 
rowed; but on his awakening the pupil always dilates, becoming first, indeed, very 
wide, and then undulating, until it acquires the mean size which it has in the waking 
state. (See page 535.) A greater amount of external warmth is required for the 
body during sleep than at other times; and immediately after the awakening from 
sleep there is frequently great sensibility to cold. 

When, during sleep, the conception of ideas by the mind dods not entirely cease, 
dreams arise. These are for the most part composed of simple ideas and emotions; 
but general notions sometimes come into play, and movements affected by the animal 
muscles may be combined with the ideas as in the waking state. This condition of 
the mind is “dreaming,” as long as the sensorium is disturbed by something which 
gives to the operations of the mind a character opposed to that of the ordinary con¬ 
ceptions and thoughts of the same person. The ideas conceived in dreams so far re¬ 
semble those of the waking state, that they may refer to any period of the past life; 
just as in our ordinary condition we may look back to all periods of our life, and think 
at one moment of yesterday, and the next of times years past. If the ideas which 
occupy the mind during the waking state have a certain degree of persistence, the 
same ideas will recur in dreams during sleep. The dreams of some persons, on the 
other hand, refer chiefly to times long past. Many blind people, after they have been 
some time deprived of sight, cease to dream of visible objects, but their dreams 
accord with their present mode of intercourse with the external world. Other indivi¬ 
duals, who have lost their sight, continue through their whole life to dream of visible 
objects. The important circumstance, therefore, regulating these dreams of visible 
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objects by blind persons, is not the time which has elapsed since the sight was lost; 
for Huber, who had been blind since his eighteenth year, when in his sixty-sixth still 
dreamed of objects which appeared distinctly visible to him, though these dreams re¬ 
ferred to the time at which he was possessed of vision. The facts which we learn 
from such cases are, that the internal parts of the apparatus of vision are alone es¬ 
sential to the production of phantasms, and that ideas recur, which were originally 
conceived previously to the loss of sight. (See Froriep's Notizen. 888, p. 118.) 

In the simplest form of dream the action of the mind is confined to the mere con¬ 
ception of simple ideas, to the exclusion of general notions;—an inferior kind of 
intellectual action, which characterises the mind of brute animals, and also, for 
the most part, the human mind in the state of intoxication, on account of the dis¬ 
turbance of the organic conditions of the brain in that state. These dreams are 
accompanied by phantasms. The senses which are thus excited by internal causes 
may also be called into action by external causes of adequate intensity; but these ex¬ 
ternal impressions, on account of the weakness of the reasoning faculty during sleep, 
suggest incorrect ideas. A person asleep feels himself in an uneasy position, and 
believes that he is bound and held down by force. His arms are folded one over the 
other, and he thinks they are held so by another person. In such cases, the images 
of persons performing the actions thus conceived in the dream are also produced. 
Again, the sensation of the urinary bladder being full may be perceived during sleep; 
but the dreamer, believing that he is awake and out of bed, is led by this sensation 
actually to evacuate the urine. The increased excitement, of which the sexual organs 
are from time to time the subject, gives rise to the conception of corresponding images 
even in dreams. The lamp burning during sleep and the extinguishing of it also 
exert an influence upon the images conceived in dreams. The cessation of a noise to 
which the sleeper is accustomed, such as the sound of a mill, excites ideas in the 
mind in the same way as a sudden noise occurring after previous silence. The sere¬ 
nade and its cessation are both perceived during steep; but incorrect ideas and phan¬ 
tasms are connected with these sensations, which become interwoven in the web of 
our dreams.* The predominant emotions of the mind, also, influence the character of 
the dreams. When the mind is under the sway of depressing passions, the dreams 
will have a terrible or mournful character. 

Sometimes we reason more or less correctly in dreams. We reflect 
on problems, and rejoice in their solution. But on awaking from such 
dreams, the seeming reasoning is frequently found to have been no 
reasoning at all, and the solution of the problem, over which we had 
rejoiced, to be mere nonsense. Sometimes we dream that another per¬ 
son proposes an enigma; that we cannot solve it, and that others are 
equally incapable of doing so; but that the person who proposed it, 
himself gives the explanation. .We are astonished at the solution 
which we had so long laboured in vain to find. If we do not imme¬ 
diately awake, and afterwards reflect on this proposition of an enigma 
in our dream, and on its apparent solution, we think it wonderful; but 
if we awake immediately after the dream, and are able to compare the 
answer with the question, we find that it was mere nonsense. I have, at 
least, several times observed this in my own case. In dreams in which 
we seem to hold a conversation with other persons, the remarkable cir¬ 
cumstance is, that the arguments and counter-arguments which rise in 
the mind, are connected with the ideas of the corresponding persons, 
just as notions are associated with certain signs. It occasionally hap¬ 
pens in such dreams that questions are asked, and no answer given, 
because we are ourselves unable to answer them. [Compare Pre- 
vost's Remarks, loc. cit.) Sometimes possible combinations of circum- 


* Various other examples are adduced by Prevost, from the observation of his own dreams. 
Bibliolh. Uiiiverselle, 1834. Mars. Froriep’s Notizen, pp. 888, 889. 
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stances are presented to our minds in dreams, with the character of 
forebodings, and with all the distinctness of reality; and as anything 
which is possible may become actual, these circumstances may really 
occur without there being anything wonderful in the matter. For 
instance, if we are much interested in a person, and regard him with 
some kind of emotion, know him intimately though not perfectly, and, 
though we think him honest and sincere, have, nevertheless, conceived 
it to be remotely possible that he is the reverse; this person may, in our 
dreams attended with phantasms, appear in situations which show him 
to be dishonest and insincere: and if it should afterwards be proved 
that such really is the case, the dream appears wonderful, although it is 
nothing more than a play of ideas excited by a leading thought, which 
is cherished with the passions of fear and love. Sometimes the sick 
perceive in their dreams countenances of beneficent persons who advise 
them to adopt this or that proceeding; and the measures thus sug¬ 
gested occasionally prove successful. Physicians, however, who fre¬ 
quently meet with such prophetic dreams, have remarked, that they 
in many instances prescribe for themselves measures which are mani¬ 
festly injurious, and which, therefore, are not carried into effect. 

The indistinctness of the conceptions in dreams is generally so great that we are 
not aware that we dream. The phantasms which are perceived really exist in our 
organs of sense. They afford, therefore, in themselves as strong proof of the actual 
existence of the objects they represent, as do our perceptions of real external objects 
in the waking state; for we know the latter only by the affections of our senses which 
they produce. When, therefore, the mind has lost the faculty of analysing the im¬ 
pressions on our senses, there is no reason why the things which they seem to repre¬ 
sent should be supposed unreal. Even in the waking state phantasms are regarded 
as real objects when they occur to persons of feeble intellect. On the other hand, 
when the dreaming approaches more nearly to the waking state, we sometimes are 
conscious that we merely dream, and still allow the dream to proceed while we retain 
this consciousness of its true nature. 

It very frequently happens, that in our dream we seem to be in¬ 
capable of executing certain movements which we desire to perform. 
For example, we desire to escape from a danger, but cannot move; 
here the dream corresponds to a real state of the sensorium, which is in 
sleep unable to determine the nervous actions necessary for voluntary 
motion. Some persons, however, have in dreams a certain command 
of voluntary motion; and, while they sleep and dream, talk confusedly, 
or, sometimes, even coherently. The same exertion of voluntary power, 
also, is required by persons sleeping in diflflcult postures: for instance, 
by postillions sleeping, as often happens, on their horses; also by birds, 
which sleep standing, sometimes only on one leg. In fact, it is neces¬ 
sary to constitute sleep and dreams that a very large portion of the 
ideas which can be called into action in the waking state should be 
passive; but those ideas which are active may, unless the sleep be very 
deep, call the organs of motion into activity. The near connection of 
the different pathological states of sleep with each other is here ren¬ 
dered manifest. The speaking of distinct coherent words during sleep, 
the rising from bed, and the performance of different acts in that state, 
all phenomena of exactly the same kind. The somnambulist is 
scalcely to be separated from the somnostaiist ,—the bird standing 
vvmle it sleeps. 
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The simplest degree of somnambulism is observed in children of 
excitable nervous system, who, while they yet sleep, become restless, 
call out, cry, and are quieted and comforted by persons speaking to 
them, whom they understand, and even recognise when their eyes are 
open; although, notwithstanding they are thus capable of voluntary 
movements and susceptible of ideas from external impressions on their 
senses, they do not. for a long time awake from the dream which has 
alarmed them. In this case the mind is in a certain degree awake, but 
there are not at 'rst present ideas of sufficient distincttiess to restore the 
mass of ideas, dioturbed by the dream, to a state of equilibrium. This 
state is similar to that of a person just awaking from sleep, with whom 
we may converse, although he gives confused answers, and confounds 
what is going on around him with the images and ideas which belonged 
to his dream 

In more extreme degrees of somnambulism, the dreamer rises and 
performs all the acts of life under the guidance of those ideas which 
are in an active state, and of the sensitive impression connected with 
those ideas. He performs acts determined by his dream, and when they 
are attended with danger he is unconscious of it; he crosses, for exam¬ 
ple, narrow planks, as a child would do, that is not aware of danger and 
therefore does not tremble. It is not really very difficult to walk over 
an inclined plane, if we do not know that it is greatly elevated above 
the ground; and we should be able to walk over many roofs if they 
were placed upon the ground. The somnambulist associates only ideas 
which bear some relation to those already in action. No other ideas 
exist for him. He sees and hears; but is disturbed by nothing which is 
foreign to the train of ideas which constitute his dream, unless he be 
actually awoke. 

Sleep ceases as soon as the susceptibility of the brain for those organic 
states, which are necessary for the play of ideas and reasoning, is per¬ 
fectly restored. The condition of the various parts of the body is then, 
again distinctly perceived. But sensations of sufficient intensity pro¬ 
duced by external objects, or even strongly excited ideas in dreams, will 
arise from sleep which is not normally at an end. Strong emotions felt 
in dreams, such as fear and other passions, very frequently put such an 
abrupt end to sleep. The emotions here excite actions of the body, as 
in the waking state, and a stronger and increasing excitement is thus 
diffused through tlie system of the sleeper, which at length frees the 
brain from its fettered state. 

As soon as we awaken, we analyse the first impressions on our senses, think where 
we are, whether in this or that chamber, and consequently whether in this or that 
town; we try next to recollect what time of day it may be, and correct the errors 
which we may in the first instance fall into with regard to this question. Sometimes 
the play of the ideas during sleep is so limited, and so completely unconnected with 
the ordinary ideas respecting the individual existence of the sleeper, that on awaking 
he has to collect the ideas having reference to his individuality in order to know who 
he is. 

Sleep, in a greater or less degree, as,Aristotle correctly remarked, falls to the share 
of all animals. (ZJe Somno et Vigilid.) Some brute animals even dream; the dog, 
for example, barks in his sleep. In some, the periods of sleep are less distinct and 
regular; and this is particularly the case in the cold-blooded animals. They, how¬ 
ever, appear to be subject to states analogous to sleep. Frogs, which croak a part of 



the night during summer, generally become quiet after midnight, especially when the 
pairing season is passed. Insects and spiders are frecjuently found in a lethargic or 
torpid state; and it is probable that all animals in which no regular periods of sleep 
and waking have hitherto been observed, have an equivalent for sleep in the state of 
inactivity and rest which they from time to time present. 

To return to man.—Persons in whom the organic functions predomi¬ 
nate, who are stout and full-blooded, sleep longer and require more 
sleep; and the contrary is the case with thin persons. Individuals of 
excitable, but at the same time energetic constitutions, and who are 
with difficulty fatigued, require less; those of an excitable, but more 
readily exhausted habit of body, require more sleep. In youth sleep 
is longer, and is more indispensably requisite, than in old age. This 
difference seems to depend on the greater predominance of the nutritive 
organic functions in youth. Hence the greater length of time passed in 
sleep by the new-born infant. This disposition to sleep is constant in 
the child as long as the organising action finds material in new nutritive 
matter supplied by food; and the child awakes when it requires nourish¬ 
ment. In the adult, also, abundant food induces sleepiness, partly by 
giving increased activity to the organic functions, and thereby disturbing 
the reaction of the animal functions, and partly by the pressure which 
the crude and imperfectly assimilated nutriment newly introduced into 
the blood exerts upon the brain. As causes favouring sleep, we must 
reckon also the impressions made on the sensorium by general stimu¬ 
lants of the skin, as friction of the surface, baths, &c., and the effects 
produced on the sensorium from within by sedative and narcotic medi¬ 
cines. 



BOOK VIII. 

OF GENERATION. 


SECTION I. 

OP HOMOGENEOUS OR NON*SEXUAL GENERATION. 

CHAPTER I. 

Of the multiplication of organic beings in the process of growth. 

a. In Plants. —The Jeaf must be regarded as an individual organism, 
containing in “essence” or “potentially” all that is comprehended in 
our notion of the species of plant to which it belongs, and capable of 
propagation by the development of branches. Almost all the organs of 
plants, indeed, are leaves; even the different parts of the flower are 
shown by the theory of the metamorphosis of parts to be leaves modi¬ 
fied in form and function. On the other hand, however, the stem itself, 
when stripped of all its leaves and branches, cannot be looked upon as 
an aggregate of mere imperfect fragments of individuals. In this trun¬ 
cated condition the stem is still a multiple of the germ. For leaf-buds 
may be developed and sprout even from a stem thus truncated. All 
these facts, therefore, confirm the truth of the proposition, that the fully 
developed plant is a multiple of individual plants,—a compound system 
of individual organisms, the essential parts of which are certainly con¬ 
tained in the leaves, though they exist also in the stem when stripped 
of its leaves. 

b. Animals. —The power of multiplying the vital force resident in 
the germ is not peculiar to plants. Animals, and it would seem all 
animals without exception, possess the same property. There are many 
instances in the animal kingdom in which the multiplication of indi¬ 
viduals in the process of growth is quite as distinct as in vegetables; but 
in other cases it can be proved to take place only by induction from a 
series of facts. The young polype developed from the ovum or gem- 
mule of a compound polypiferous animal is at first a single individual, 
actuated by a single independent will. But in proportion as this young 
creature appropriates to itself new matter and grows, it becomes trans¬ 
formed into a multiple system of individuals, like that presented by a 
full-grown plant, and is then evidently regulated in its movements by 
many distinct centres of volition. A common stem unites all the com¬ 
ponent simple animals, and in the Sertularia the cavity of this stem 
communicates with the cavity of each polype, while out of its wall new 
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polypes sprout. Those compound polypes which consist of a mere 
aggregate of independent simple animals, united into one mass, are not 
referred to in the foregoing description. 

We now proceed a step further, and find animals which in form appear perfectly 
simple, and have only one directing will, but nevertheless are systems of parts endued 
with individual life, and capable of propagating the form and organisation of the 
species. In these animals the component parts or segments undergo multiplication 
during the process of growth, and a certain number of them becoming separated, 
whether spontaneously or artificially, preserve the faculty of individual life. The parts 
thus separated were for a time subject to the will of the parent animal, and in that 
respect were mere members of its body; but, when about to separate themselves from 
the rest of the system, they acquire a more intimate relation to each other, become 
actuated by a distinct will, and have, as it were, their own proper centre of action, 
even while they form part of the body of the parent worm. At length they become 
detached, and display free voluntary motion. The young individual thus produced 
consists at first of few constituent parts or members; grows, however, by the appro¬ 
priation of new matter, and forms another compound system capable of dividing spon¬ 
taneously or of being divided into several portions, “potentially” endowed with 
individual life. For a time this multiple individual is subject to the influence of a 
single will, and is only so far a multiple animal as the parts which compose it have 
the capability of becoming independent individnals, which as yet they are not “de 
facto.” Subsequently, the individual parts, though still unconnected, are actual inde¬ 
pendent beings. Many Annelida and Entozoa may, indeed, be divided artificially into 
several distinct individuals, and are, therefore, not really simple animals, but systems 
of parts, each of which, however small its size, contains all that is essential to the idea 
of an independent organism, and has the power of producing an organism of the same 
species. 

The question here presents itself; how small a portion of an organic body may 
contain the force necessary for the reproduction of the species'? In the higher animals 
which propagate only by sexual generation, this force resides only in the germs of the 
ova, which are large cells containing the “ germinal vesicle,” and its nucleus, or the 
“germinal spot” of Wagner; while all other parts of their body, however large or 
small, are destitute of the reproductive power. In those plants and animals which 
propagate their species by buds or sprouts, the germ consists of a mass of cells which 
may be produced at almost any part of the body of the parent. In some of the lower 
animals the same reproductive power is possessed by every aggregate of organic ele¬ 
mentary parts, that is of such elementary parts as were originally developed from 
similar cells, but which subsequently have acquired the form and properties of mus¬ 
cular and nervous fibres, and of fibres of cellular tissue, &c. In the lowest organic 
beings the power of producing new individuals is not merely manifested by separate 
portions of most parts of the body, but in some cases subdivision, even into the ulti¬ 
mate particles of the organism, does not destroy this power: isolated elementary par¬ 
ticles are adequate to the propagation of the species. In plants, generally, all the 
tissues are produced from cells; but there are plants in which any single cell, sepa¬ 
rated from the rest of the organism, suffices for the reproduction of the entire plant, if 
nutritive matter be supplied. We have examples of this in the filiform fungi, such as 
the fungus of mould and the vegetable, which, according to the observations of Cag- 
niard Latour and Schwann, forms the active part of yeast, and the growth of which 
in large quantity gives rise to the fermentation of saccharine liquors. This fungus of 
yeast consists of cells arranged in simple or branched threads; and it grows by some 
of the cells developing upon their free surface a small prominence which becomes a 
young cell. This young cell soon attains the perfect size, but has scarcely reached 
its full development before it, in its turn, begins to put forth a bud, which is the 
germ of the next cell. Single cells of this kind also separate themselves from the 
threads of which they formed part, and still in the isolated state form new cells by 
the process of budding, and thus propagate their species. All this process takes place 
so rapidly, that its different steps may be watched by means of the microscope. 
{Poggendorfs Annalen, xli. p. 184.) The same phenomena are presented by all the 
simple fungi. The dust-like powder of the fungus so destructive to silkworms, the 
muscardine, is composed of cells endowed with the power of reproducing plants of 
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the same species; hence we may easily conceive that a single grain or cell of this 
powder, introduced into a brood of silkworms, may cause their entire destruction. 
(See Jludouin, Jlnnal. des Scienc. Nat. 1837.) 


CHAPTER 11. 

OF THE MULTIPLICATION OF INDIVIDUALS BY THE DIVISION OF PER¬ 
FECTLY DEVELOPED ORGANISMS.—FISSIPAROUS GENERATION. 

Since organic beings in the fully developed condition are virtually ' 
multiples of the germ which produced them, they are capable of multi¬ 
plication by mere division, without the formation of new germs. This 
fissiparous generation is observed in animals quite incapable of the de¬ 
velopment of buds or “gemmae.” It may be the result either of the 
artificial interruption of contact and organic reaction between the dif¬ 
ferent parts of a body, or of spontaneous division. In either case the 
separation may be complete, or only incomplete. When it is incom¬ 
plete, the organic being appears as a compound or multiple system, 
the independent individuals of which are still connected by a common 
stem. 

1. Jlrtijicial Jissiparous generation, —The increase of organic beings by spontaneous 
division, which occurs for the most part only in the animal kingdom, is a less easy 
process than the multiplication by artificial division. Artificial division produces ab¬ 
solute interruption of continuity between parts which have already undergone perfect 
organisation, and at the same time are equally endowed with vital force; and it thereby 
causes the force resident in each part to assume an active state, so as to produce a 
new organism. Polypes, therefore, may be divided in any direction, and the separated 
portions will develope new individuals. While, on the contrary, spontaneous division 
always takes place in certain determinate directions, in which it is productive of the 
least disturbance of the internal organisation. 

Multiplication of all plants, and of many of the lower animals, may be effected by 
artificial division. Branches, twigs, or sprouts, separated from a tree, are organisms 
which continue to live and maintain the species, when they are either planted in the 
ground or engrafted upon another plant. These cannot, however, be properly adduced 
as examples of true multiplication by division, effected independently of previously 
formed buds; for cuttings of plants are generally provided with fully-formed leaf- 
buds. 

Multiplication by artificial division in animals is most likely to be suc¬ 
cessful when the organism consists of a succession of parts of similar 
structure, the number of which increases during growth. Annelida and 
Entozoa, for example, have this conformation, and transverse sections 
divide them into segments, each of which still contains similar though 
shortened portions of the nervous system, blood-vessels and intestinal 
canal. 

2. Natural or spontaneous jissiparous generation. —Spontaneous division takes place, 
for the most part, either transversely or longitudinally, or in both directions at the 
same time. It is only in animals that this mode of generation occurs to any extent, 
and hence it has been employed, together with other characters, by Ehrenberg as a 
means of determining in doubtful cases whether simple organic beings belonged to 
the animal or to the vegetable kingdom. Fissiparous generation is a very common 
mode of multiplication amongst the infusoria, though they also propagate by ova. 
Sometimes the gemmiparous mode of generation also is observed in the same genera. 
The higher animals never multiply by spontaneous division; and even the Rotatoria 
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present no instance of it, though it occurs again in the Annelida. The complexity of 
the process must be greater in proportion as the organisation of the animal is more 
complex, as there is less repetition of similar organs in its different parts. 


CHAPTER III. 

OF THE PROPAGATION OF THE SPECIES BY BUDS OR GEMMIPAROUS 

GENERATION. 

The formation of buds is essentially due to the following process:—A portion of the 
substance of an organised being, which is superfluous for its individual life, separates 
itself in an undeveloped state of organisation from the organism of that being, so far 
as to assume a special individuality of life, without, however, losing its organic con¬ 
nection, From the germ thus produced the special organisation of the species is sub¬ 
sequently developed in the form of a new individual, which may either retain its 
organic connection with the parent trunk or become detached. This production by one 
living individual of the germ of a new living individual, presupposes that the parent 
trunk already contained within itself the organic force for several beings, and was, in 
fact, a virtual “ multipluin.” The process of the formation of buds, though a variety 
of imperfect spontaneous division, differs from the true fissiparous mode of generation. 
For, in the latter process, the perfectly developed organism divides into two, or more, 
perfectly organised segments. Here, therefore, the entire production of a special 
structure in the separated parts is not required, since the special organisation already 
exists, and only needs such changes as will restore to integrity the parts involved by 
the line of division; wliile, in the process of the formation of huds, the new individual 
represented by the bud is not perfectly organised, but is merely endowed with the 
power of developing a perfect organism. The bud of a plant is, therefore, to use the 
words of C. Fr. Wolff, the “simple plant,” and the bud put forth by an animal, the 
“ simple animal.” A bud originally consists merely of the primary elements of all 
organisation, namely, cells, and contains even these in proportionally small number. 
The buds of plants are masses of ordinary vegetable cells. The vessels of the parent 
plant have not the least share in the formation of the original bud, and have no connec¬ 
tion with it until a later period. The bud appears in fact originally to be a mere pro¬ 
longation of the cellular tissue of the pith, as Duhamel, Treviranus, Meyen, and others 
state. It is not separated from the pith of the mother plant by any septum; merely 
cells of smaller size being interposed between them. (See Treviranus, Physiologic 
dcr Gewdchse, b. ii. p.630.) Usually the buds of plants are developed upon the parent 
stock, but sometimes they fall off and are developed separately, as in the cases of some 
monocotyledonous and dicotyledonous plants and the Hepaticae. 

The ovum is distinguished from the bud not only by the circumstance of sexual 
influence being necessary for its development, but also by its inability to undergo 
further evolution while forming part of the parent organism, and by its being insulated 
from the parent plant by distinct membranes. The spores, developed independently 
of sexual intercourse by many of the more simple plants, cannot be regarded as germs 
of ova. 


1. Of the fonnation of or gemmae’’ in plants. 

a. Buds of the inferior or non-vascular plants .—The buds of the plants 
of low organisation consist partly of aggregates of cells, partly of single 
cells. 

b. Buds of the more highly organised vascular plants.—Axillary and Terminal buds. 
—The buds (leaf-buds) of the higher plants are either formed in the axes of leaves, or 
at the extremity of the stalk or stem. The leaf-like structures which sometimes 
appear as scales enveloping the apex of the axis of the bud or the embryonic nucleus 
of the future axis, may be absent, in which case the nucleus of the bud is naked. 
This body is formed of cells which, by spontaneous development, become the new 
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sprout. The cellular pith of the stem of the plant is continuous with the cellular 
nucleus of the axillary and terminal buds. The development of the special organisa¬ 
tion of the plants from the cells of the existing buds is always attended with the forma¬ 
tion of new buds for the next period of vegetaiion. (See Meyen, PJlanzen-physiologie, 
b. iii. pp. 5, 7.) In the production of the special structure of the species, therefore, 
something in addition is always generated, which does not form a component element 
of the present organism, but contains the organic force for future vegetation. 

2. Of the gemmiparous generation of animals .—In the animal kingdom, 
the propagation by the formation of gemmae or buds is met with to the 
greatest extent in the class Polypifera, atid less frequently in the Infuso¬ 
ria; for example, in the Vorticellinae. Sars observed its occurrence in 
Cytais and other of the Acalephae. Of the Entozoa the order Cystica 
alone presents examples of this mode of propagation. In CoBnurus, the 
vesicles which bear the numerous heads are at the same time germ- 
stocks, upon which the new individuals are developed as buds. In 
Echinococcus, the parent animals take the form of vesicles, on the inner 
or outer surface of which new individuals are developed, and to which 
they are for a time connected by a thin filament; but, subsequently, the 
young ones become free.* Hence the old Echinococci have the farm 
of vesicles containing other vesicles, and have been incorrectly called 
acephalocysts. 


SECTION 11. 

OP SEXUAL GENERATION. 

CHAPTER I. 

Of the Sexes. 

In sexual generation the germs, though endowed with the power of 
propagating the distinctive properties of the genus and species, and 
even of the individual, are incapable of undergoing their destined 
organisation until they are acted on by another substance allied to them, 
though distinct in its nature from them, namely, the semen. The 
semen itself also propagates the peculiarities of the genus, species, and 
individual, but only by means of its influence upon the ovum, which is 
the immediate seat of all the changes attendant upon the production of 
a new individual. 

The semen and ova are sometimes generated in different individuals, 
'in which case fecundation is effected by the concurrence of the two 
sexes, or by the contact of the semen of the one sex with the isolated 
ova of the other, brought together artificially out of the body. Some¬ 
times both semen and ova are formed in diffe.>’ent organs of the same 
individual, which is the case in all hermaphrodite plants and animals. 
Dualism of the sex, therefore, does not necessarily involve dualism of 

* See J. Muller, in Muller’s Archiv. 1836. Jahresb. CVII. Von Seibold in Bur- 
dach’s Physiologie, b. ii. 2to. Auflage. 
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the individuals; on the contrary, sexual generation, as well as multipli¬ 
cation by buds and division, may be effected in a single individual. 

''J’he individuals of the two sexes in each species of animal are gene¬ 
rally distinguished by peculiarities of form, and often also by peculiar 
colours, or even by difference of size. Sometimes the female is larger, 
occasionally even to an extraordinary degree larger than the male, as is 
the case for example in the genus Lernaea, where the tiny male retnains 
through its entire existence fixed over the orifice of the sexual organs 
of the female. (See Nordmann, Microgr. BeitrCige.) In other in¬ 
stances, as in many birds, the male excels the female both in his size, 
strength, and beauty of his markings.’^ The most important differences, 
however, between the two sexes are those evinced in their instincts, 
■which are more constant than the differences of form. The female is 
entrusted with the protection of the offspring, and for this purpose 
dreamlike incentives to action, or instincts, arise in her sensorium. As 
soon as the egg is laid and seen, the female bird feels an instinctive 
attachment to it, and never leaves it except for short periods. The 
females of mammalia have the same maternal instinct after the birth of 
the offspring. The young animal seems to form part of its mother, who 
protects and defends it in all dangers. The entire or principal care of 
the young belongs for the most part to the female; and the case of the 
male Alytes obstetricians, vvhicli bears the ova upon its feet, is a rare 
exception. 

The male of the human species is of larger proportions, stronger 
build, and more marked outline than the female; has respiratory and 
vocal organs of larger dimensions; is less easily affected by external 
impressions; and is in every respect not only physically but also morally 
of greater strength. He yields less easily to pleasant and unpleasant or 
painful feelings, is more energetic and constant in his efforts and desires, 
and more courageous; but he is also more selfish, and more ambitious 
of honour and fame. He excels the woman in capacity for all intellec¬ 
tual labours and in fruitfulness of mind; and is more cautious, systematic, 
and reserved in his intercourse with his fellow-men, more difficult to 
turn, and more haughty; but at the same time more upright and mag¬ 
nanimous. The field of his activity lies in the intercourse and contest 
of human faculties,—in the relations of society. 

The woman, more delicately formed, is weaker both in body and in 
the faculties of the mind than the man; she is more excitable and sen¬ 
sitive, more timid and pliant, more superstitious, more vain, more ex¬ 
cited by feelings of pleasure and disgust, and less so by desires. She is 
gifted with finer feelings of propriety and adaptation, and with a lively 
imagination; but is without the creative power and the clearness of 
intellect of the man; while, on the other hand, the reproductive power 
of her body is greater. Friendship towards her own sex is rare in 
woman, but her love for her husband and children is proportionately 
strong; so that her whole mind may be occupied by those feelings. 
Moreover, woman is distinguished by her modesty, meekness, patience, 

* For an account of the varieties presented by the animal kingdom in this respect, 
consult Rudolphi’s Beitrage zur Anlhropologie. A complete history of the phenomena 
of the sexes will be found in Burdach’s Physiologic, bd. i. 
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and amiability; by her readiness to sacrifice her own good and herself 
for the sake of others; by her tenderness, sympathising disposition, and 
piety. The field of her activity is her home and family. (Compare 
Riidolphi, Physiologie, bd. i. p. 259.) 

We have already seen how the male and female reproductive substances, the semen 
and ovum, differ from the bud or gemma. The former, like the bud, have the faculty 
of reproducing the form of the parent organism; the semen, namely, gives the indi¬ 
vidual peculiarities of the male, and the ovum those of the female. Unlike the germ 
of buds or gemmae, however, both the ovum and the semen are imperfect, inasmuch 
as neither can manifest the reproductive power until it is united with the other. In 
hermaphrodite animals the two imperfect substances which are thus complementary 
of each other are formed in the same organism; in animals with distinct sexes they aro 
formed in different individuals, and these individuals of different sexes, though perfect 
in all the characteristics of the species, yet are in respect of the reproductive power 
both imperfect, and therefore seek each othef, as it were for the purpose of supplying 
the deficiency. This fact is represented figuratively in the “Banquet” of Plato bv 
the fable of the two halves of a human body. 


CHAPTER II. 

OP THE SEXUAL ORGANS. 

The sexual organs consist, in both sexes, of a formative organ, the testis or the 
ovary, and of an efferent organ, the oviduct, or the vas deferens. In the female effer¬ 
ent organ, the ovum in its passage from the ovary generally becomes invested by some 
new secretions, which are either destined to serve as nutriment, or to form a shell. In 
many animals one part of the oviduct also forms the receptacle for the ovum during 
its development, and is called the uterus. A uterus in this sense exists in the vivi¬ 
parous genera of Fishes, Amphibia, and Mammalia, as well as in Man. The secre¬ 
tion of the testes also in its course to the exterior of the body becomes, in many cases, 
mixed with other secretions, which are poured out by accessory secreting organs con¬ 
nected with the male efferent organ. In those animals in which the two sexes are 
distinct, but in which impregnation is effected internally, there are superadded at the 
orifice of the efferent apparatus the organs of sexual connection. The essential sexual 
organs, however, which are universally present, are the formative organ and the effer¬ 
ent apparatus. The sexual organs of both sexes present two perfectly distinct types, 
which are characterised by the relation which the formative and efferent organs bear 
to each other. In one type the efferent organ has the place of a true efferent duct, its 
walls being continuous with those of the cavities of the formative organ; in the other, 
the two essential parts of the sexual organs are wholly unconnected, and the ovum, 
or semen, first makes its way through the parietes of the formative organ into the ab¬ 
dominal cavity, and escapes thence by a special canal. The product of the formative 
organ may in this case either fall free into the abdominal cavity before making its 
way out by the efferent canal, or it may be at once received from the ovary or testis 
into the open end of the tube which is in the neighbourhood. 


CHAPTER HI. 

OP THE UNIMPREGNATED OVUM. 

Our knowledge concerning the unimpregnated ovum has been 
brought to its present state by the labours of modern anatomists, par¬ 
ticularly by the exertions of Purkinje, Von Baer, R. Wagner, Coste 

69* 
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and Valentin. So successful has been their study of this subject/lhat 
in it, as in all the most perfect parts of science, the numerous individual 
facts can now be referred to simple laws.* 

In many invertebrate animals, the ova are developed in the interior of caecal tubes, 
in which they are not surrounded on all sides by organised tissues, so as to be sepa¬ 
rated from each other; but in many other of the Invertebrata, and in all the Vertebrata, 
they are formed within the cells of the ovary. These cells are invested singly by 
numerous blood-vessels, and are united together by a fibrous substance of a greater or 
less degree of firmness, called the stroma. When the ova lie in insulated cavities of 
the ovary, the wall of these cavities, formed of the condensed stroma, is called the 
capsule or theca. The following essential parts may be distinguished in the ova of 
invertebrate animals, fishes. Amphibia, reptiles, and birds,—even in those of the 
smallest size: 

1. The capsule of the ovum, ovicapsule, which is in some cases, as in many 
Invertebrata, insulated from the proper tissue of the ovary, and may even escape 
with the ovum; but which in other instances, as in the oviparous Vertebrata, coa¬ 
lesces w'ith the theca of the ovary, forming there what is termed the calyx. On the 
side directed from the ovary the calyx is often thin, but tbickeron the side next to the 
ovum, to which it is connected merely by a pedicle. The thin side of the calyx in 
the ovary of the bird often presents a white band of an arched form, and distinguished 
from the rest of the calyx by the absence of blood-vessels. This band, the stigma, 
indicates the situation at which the dehiscence of the calyx will subsequently take 
place to allow the escape of the ovum. Schwann has observed a circumstance 
which is worthy of remark, as aiding in identifying the capsule of the ovum of 
different classes,—namely, that a stratum of epithelium cells exists on the inner 
surface of the ovicapsule in fishes, and also on the inner surface of the Graafian vesi¬ 
cles or capsules of the ova of Mammalia. Both Jones and Barry, with justice, regard 
the ovicapsules of oviparous animals as identical with the Graafian follicles of Mam¬ 
malia. 

2. Within the ovicapsule lies the yolk, surrounded by the vitelline membrane. This 
membrane is at first in close contact with the capsule, but subsequently becomes 
separated from it in many animals by a tolerably large interval. The granules of the 
yolk are found by Schwann to be cells containing a finely granular matter and oil 
globules. 

3. In the substance of the yolk is imbedded the vesicle of Purkinje, or vesicula 
germinativa. This vesicle is of greatest relative size in the smallest ova, and is in 
them surrounded closely by the yolk, nearly in the centre of which it lies. During 
the development of the ovum, the germinal vesicle increases in size much less 
rapidly than the yolk, and comes to be placed near to its surface. Ovula and 
germinal vesicles can frequently be detected in the ovaries of the fully developed 
embryo. 

4. The germinal vesicle contains a transparent fluid, and in addition to this, the 
germinal .spot, macula germinativa, or nucleus germinativus of R. Wagner. This 

♦ The following are the most important works on this subject:—Purkinje, Symbolse 
ad ovi avium historiam ante incubationem. Lips. 1830; and Encyclop. Worterbuch 
der medic. Wissensch. Art. Ei. Von Baer, De ovi mammalium et hominis genesi, 
Lips. 1827. Coste, llecherches surla generation des Mammiferes, Paris, 1834. Bern¬ 
hardt (et Valentin), Symbolse ad ovi mammalium historiam ante iniprsegnationem, 
Vratislav, 1834. Valentin, Entwickelungs-geschichte, Berlin, 1835. R. Wagner, 
Muller’s Archiv. 1835, p.373; Prodromus historiae generationis hominis atque tnam- 
maliiim. Lips. 183G; Abhandl. der K. Baiersch. Acad. 1837, p. 2; and Lehrbuch der 
Physiologic, leones Physiologicae, Leipz. 1839. Krause in Muller’s Atchiv. 1837, 
p. 20. Carus, ibid. 1837, p. 442. Jones, London Med. Gazette, 1838, p. 680. 
Schwann, Mikroskop. Untersneh. Barry, Philos. Transact. 1838 [and 1839]; and 
Edinburgh Philos. Journal, 1839. The best figures of the ova of Invertebrata given 
by the older writers are those of Poli, Goeze, Della Chiaje, and O. Fr. Muller. The 
ova of fishes had been best shown by Cavolini, Erzeugung der Fische and Krebse, 
lab. i. fig. 4; and Sonnini, Hist. Nat. des Poissons, t. ii. tab. iii. fig. 4. The structure 
of the ova is correctly indicated, though it was not understood by these writers. 
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germinal spot consists of one or more somewhat opaque corpuscles, and is possibly 
the analogue of the nucleus of formative cells. It is simple in the germinal vesicle 
of the human subject, of Mammalia, birds, reptiles, and many Invertebrata, and is 
recognisable even in the ova which are least advanced in development. In Amphibia, 
the osseous fishes, and several invertebrate animals, the germinal spot is multiple. 
As the ova advance in development granular matter is deposited on the inner surface 
of the germinal vesicle, and renders the germinal spot or spots indistinct, and some¬ 
times even invisible. In some of the Invertebrata the germinal spot itself seemed to 
Wagner to have a special investing membrane. 

The ova of mammalia and the human subject find the nutriment necessary for the 
development of the embryo in the uterus. Hence the extremely small quantity of 
yolk with which they leave the ovary, and their minute size; their diameter, in their 
most perfect condition, being scarcely so much as one-tenth of a line. In their rela¬ 
tion to the ovary, also, they differ in many particulars from the ova of oviparous 
animals. Owing to their extreme minuteness, the ovula of man and mammiferous 
animals for a long time escaped observation. Prevost and Dumas had remarked, that 
the ova found in the oviducts of animals, shortly after impregnation had taken place, 
were much smaller than the follicles of Graaf; and in two Instances they actually 
saw the ovulum within the Graafian follicle, but they did not pursue the subject any 
farther. The merit of discovering the ovulum of mammiferous animals and man 
really belongs to Von Baer. 

The vesicles or follicles of Graaf, or the ovicapsules which contain the ovula of 
mammals and the human subject, are connected together by a very firm stroma, 
which, with them, constitutes the ovary. They are but slightly prominent above the 
surface of the ovary in most Mammalia, but in the Ornithorynclius are raised on pedi¬ 
cles as in birds. Each capsule is formed of two membranes, the more internal of 
which is like the ovicapsule of oviparous animals, lined with epithelium (membrana 
granulosa of Baer). The ovulum occupies only a very small part of the cavity of the 
Graafian vesicle or capsule, the remainder being filled with an albuminous fluid in 
which microscopic granules float. In immature capsules the ovulum is proportion¬ 
ally larger and lies more nearly in the centre; while in those which are fully formed 
it is placed close to the inner wall of the capsule, embedded in a granular zone. In 
both conditions, however, according to Barry, the ovulum is attached to the parietes 
of the follicle by peculiar granular bands or retinacula. In order to examine an ovu¬ 
lum, one of the Graafian vesicles, it matters not whether it be of small size or arrived 
at maturity, should be pricked and the contained fluid received upon a piece of glass. 
The ovulum then being found in the midst of the fluid, by means of a simple lens, 
should be placed under the compound microscope. Owing to its globular form, how¬ 
ever, its structure cannot be seen until it is subjected to gentle pressure under a 
second thin lamina of glass, or by means of a compressorium. 

The external investment of the ovulum is a thick membrane, which, under the 
microscope appears as a bright ring bounded externally and internally by a dark out¬ 
line. This membrane is called by Valentin and Bernhardt, zona pellucida; by R. 
Wagner, chorion. The anatomists who have occupied themselves most with the ex¬ 
amination of this part of the ovulum, are divided in their opinions respecting its 
nature. According to Krause, it is composed of an albuminous mass, enclosed in a 
delicate membrane; while Wagner and Bischoff regard it as a simple tunic, because 
it tears with a uniform margin. Schwann admits that such is the character of its 
edge when torn, but nevertheless inclines, as does Dr. Barry* also, to Krause’s 
opinion. 

Within this transparent investment lies the yolk, which consists of granules or cells 
and fat globules. This substance forms a globular mass which is usually in close 
contact with the inner surface of the investment above described. But sometimes in 
ova, which have attained the most perfect maturity, an interval can be seen between 
the yolk and its outer tunic, and this interval is rendered greater by the imbibition of 

* According to Dr. Barry, the zona pellucida is a solid transparent membrane. He states, 
however, that internal to this there is a much thinner membrane (the true membrana vitelli), 
which exists while the ovum is contained in the ovary but disappears by liquefaction in the 
Fallopian tube, at the same time that the chorion begins to be formed. See Dr. Barry’s Re¬ 
searches on Embryology, 2d series, p. 332, 333, and 333. 
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water; so that it would seem probable that the mass of yolk is invested with a special 
membrane-like layer of granules. 

For a long period after the existence of the germinal vesicle in the ova of oviparous 
animals was generally known, it remained undiscovered in the ova of mammiferous 
animals and man; and it then appeared doubtful, whether the ovula of the latter ani¬ 
mals should not be regarded as analogous to the germinal vesicle of the oviparous 
classes. 'I'he germinal vesicle of the ovulum of Mammalia was first discovered by 
Coste, in 1834, but we owe the most accurate information respecting it to the researches 
of Valentin and Bernhardt. The vesicle is of largest relative size in the least advanced 
ovula. Its diameter is about of a line. The germinal vesicle can be seen while 
yet within the ovulum, if the latter be flattened by cautious pressure; and sometimes 
the ovulum may by the same means be ruptured, so as to allow the germinal vesicle 
to escape uninjured. Within the germinal vesicle, and close to its surface, is the ger¬ 
minal spot of Wagner, the diameter of which is no more than or of a line. 
The germinal spot is somewhat opaque, the rest of the contents of the vesicle transpa¬ 
rent. 

The discus proligerus does not exist in the ovulum of Mammalia, at least not with 
its characteristic form. But R. Wagner imagines that its place is here supplied by 
the continuous layer of granules which surrounds the entire yolk. 

According to Cams, all the essential parts of the ovulum can be de¬ 
tected in the ovary of the mature embryo of the human subject, or of 
mammiferous animals. 


CHAPTER IV. 

OF THE SEMEN.* 

Great as are the advances which our knowledge of the ovum and 
female germ has made during the last few years, they do not surpass 
those by which our acquaintance with the fecundating fluid of the male 
has arrived at its present state of perfection. The semen has been 
made the subject of minute investigation by many anatomists, but with 
most success by Wagner and Von Siebold. 

The ova or germs of the female are formed at a very early period, 
even in the embryo; but the semen and its essential elements are gene¬ 
rally not present until the time of sexual maturity. 

The semen of animals is a thick white or yellowish white fluid, having a peculiar 
penetrating smell. It becomes more transparent when exposed to the air, and is co¬ 
agulated by alcohol; but its chemical properties are, with reference to the theory of 
generation, less important than its vital endowments. (See Berzelius, Thierchemie.') 
It is composed of three distinct elements, a fluid, granules, and animalcules—the sper¬ 
matozoa. These animalcules are found both in the vas deferens and in the vesiculas 
seminales. The fluid of the semen cannot be obtained separate from its other com¬ 
ponents, and consequently its peculiar properties cannot be ascertained. The granules 

* Bibliography. —Leeuwenhoek, Anatomia seu interioria rerum. Lugd. Bat. 1687. 
Arcana naturas. Delphis, 1695. Epistolae physiologicae. Delphis, 1719. Gleichen, 
fiber die Samen und Infusions-thierchen. Niirnberg, 1778. Prevost et Dumas, Ann. 
des Sc. Nat. t. i. ii. Czermack, Beitrage zur Lehre von den Spermatozoen. Wien. 
1833. Treviranus in Tiedemann’s Zeitschrift ffir Physiol. V. pt. 2. Von Siebold in 
Mfiller’s Archiv. 1836, p. 232,1837, p. 381. R. Wagner in Abhandl. der K. Baiersch. 
Acad. 2, 1837, and Muller’s Archiv. 1836, p. 225. Valentin, Repertor. 1836, p. 277. 
Dujardin, Ann. des Sc. Nat. t. viii. 291, 297. Donne, L’institut. 1837, 206. Ehren- 
berg. Die Infusions-thierchen, p. 464. Valentin, Nov. Act. nat. cur. t. xix. Hall- 
mann, Mfiller’s Archiv. 1840, p. 467. 
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of the semen are described by Wagner as round bodies finely granulated on their sur¬ 
face, and measuring from to of a line in diameter; they must not be confounded 
with the particles of epithelium which are sometimes mixed with the semen. The 
spermatozoa which were discovered by a student at Leyden, named Harn, and first 
described by Leeuwenhoek, have different forms not only in different classes of ani¬ 
mals, but also in different families, genera and species. Their most remarkable varieties 
in the vertebrata have been investigated and described by Wagner; in the invertebrata, 
by Von Siebold. 

The spermatozoa of the human subject measure, according to Wag¬ 
ner, from 3 V to 4*5 of a line in length; their oval flattened body from 
to zhu of a line. The tail is at its commencement so thick that its two 
borders can be distinguished; but towards its free extremity it becomes 
of extreme tenuity. The spermatozoa of most Mammalia are of the 
same form as those of the human subject, but are generally larger, espe¬ 
cially in the smallest animals, for example, in those of the mouse kind; 
their length in the rat being, according to Wagner, iVth of a line. In 
monkeys they have great similarity to tliose of the human semen. 

With the organisation of the spermatozoa we are at present quite 
unacquainted, and it has hitherto appeared doubtful whether they have 
an animal organisation. Henle and Schwann perceived a spot in the 
body of the human spermatic animalcule, which called to mind the 
sucker of the Cercariae; but this might have been a part, bearing the 
same relation to the body of the animalcule as the nucleus does to the 
cell. In many spermatozoa there is sometimes a small knot in the 
middle of the tail or towards its end; I observed this knot in the sper¬ 
matozoa of Petromyzon marinus, but in most of the animalcules it 
was absent. Similar knots in the course of the caudal filament have 
been observed by Meyen in the spermatozoa of plants; for example, in 
those of Charae.* 

The movements of the spermatozoa resemble in their characters the 
voluntary motions of animals. They consist in lashing, undulating, and 
vibrating motions of the tail. Those with the spirally-twisted body 
have a corresponding spiral twisting motion. (See Wagner’s Phy- 
siologie, p. 15.) In order to see their motions well, it is necessary to 
dilute the semen with serum of blood. In many instances these motions 
of the spermatozoa continue during many hours after the death of the 
animal from which they are taken, and the mode of its death has no 
influence upon them. 

The mode of development of the spermatozoa has been discovered by Wagner. 
During the winter the fluid of the testes of passerine birds contain merely small gra¬ 
nules. In the spring there are granules of various forms, and, mingled with them, 
spermatozoa united in fasciculi. These fasciculi of spermatozoa are at first enclosed 
in very delicate vesicles or cells, in which they lie, all with their spirally-twisted an¬ 
terior portions or bodies together at one end of the fasciculus, and with their caudal 
extremities at the other end. These animalcules in the testis present no motion, but 
in the vas deferens the individual animalcules are free and in motion. The semen of 
the testis contains, besides small granular globules, large vesicles, including one or 
two granular globules, and similar larger vesicular bodies, enclosing several such 
granulated globules. These vesicles have a close relation to the development of the 
spermatozoa; for Wagner observed that a finely granulated matter was at length de- 

* The spermatozoa which present the most evident signs of organisation are those 
of the bear, described by Valentin, (Nov. Act. Nat. Cur. t. xix.) 'I'hey appeared to 
him to have a mouth, an anus, and stomachs or a.convoluted intestine. 
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posited between the globules which they contain; that these globules then disappeared; 
and that a linear arrangement of granules began to be visible, which at length assumed 
distinctly the form of the fasciculi of spermatozoa above described. The process of 
development of the spermatic animalcules is the same, according to Wagner’s obser¬ 
vation, in frogs and Mammalia. In birds the spermatozoa are produced anew each 
year, and disappear in the autumn. In Mammalia their formation commences at an 
early age; in rabbits their development is completed, according to Wagner, at the 
third month after birth; in cats and dogs it is effected much later, and in the human 
subject it does not take place until the period of puberty. These important observa¬ 
tions have been confirmed by Von Siebold, (^Muller's Jlrchiv. 1839, p. 436,) and Va¬ 
lentin, {Repertonum^ 1837, p. 143,) and by Dr. Hallmann, Muller's Mrchiv. 1840, p. 
467,) who has observed the development of the spermatozoa in the cells of the testis 
of the ray. 

It is yet a question which cannot be answered with certainty, whether 
the spermatozoa are independent parasitic animals, or merely animated 
particles of tiie organism in which they exist. Eltrenberg is inclined to 
regard the spermatozoa as distinct animals, and places them with the 
Cercaria in the class of the true Entozoa. Treviranus, on the contrary, 
adopts the opposite view, and compares the spermatozoa to the grains 
of pollen. The absence of spermatozoa in the semen of some animals, 
and the existence of perfectly organised animals in the seminal reser¬ 
voirs of the Sepia,* are circumstances favourable to the former opinion: 
while, on the other hand, the absence'of structure, such as other indivi¬ 
dual animal organisms possess, in the body of the spermatozoa; their 
presence in nearly all animals, and reappearance in almost the same 
form in the male generative organs of some plants; the fact of their 
being developed in a uniform manner from cells, and not from other 
spermatozoa; and the analogy which may be perceived to subsist be¬ 
tween them and other organic cells, particularly the cells bearing cilia; 
are all circumstances opposed to that opinion. The spermatozoa re¬ 
semble the cells bearing cilia, in their motions continuing after they are 
separated from the parent organism; and their caudal filaments may be 
compared to the cilia, while the nucleus of their body finds its analogue 
in the nucleus of the ciliated cells. In the character of their movements, 
however, the spermatozoa do not at all resemble the cilia, but present 
much more resemblance to animals moving voluntarily. 

The most weighty argument against the special and individual ani¬ 
mality of the spermatozoa is their close connection with the fecundat¬ 
ing property of the semen. Not only are they absent from the semen 
of many animals, and particularly of birds, except at the pairing time. 


* See the account of these bodies given by Cams in the Nov. Act. Nat. Cur. t. 
xix. p. 1; also Philippi in Muller’s Archiv. 1839. QCarus imagined that these bodies 
.were distinct animals, and described their large intestine, small intestine, stomach, 
proventriculus, and oesophagus. It has, however, been clearly shown by Von Siebold 
(Beilrage zur Naturgeschichle der Wirbellosen Thiere, Dantzig 1839), that Cams 
was in error, and that the original description given by Needham was, as far as it 
went, perfectly correct. They are really capsules containing the semen of the Ce- 
phalopod. The spongy mass, believed by the English microscopist to contain the semen, 
is, according to Siebold, composed almost entirely of spermatozoa, which have an 
oblong body, and long thread-like tail. Needham’s observations were made on the 
Loligo; Siebold’s on the Cyclops. Their views have been confirmed by Peters 
(Miillcr's Archiv. 1840, p. 98), and by Mr. Owen in his Lectures at the Royal College 
of Surgeons, 1840. (See Lancet, May 14, 1840).3 
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but their development is imperfect in hybrid animals, which are gene¬ 
rally incapable of reproducing their kind, or at most pair with iijdivi- 
duals of one of the unmixed species, and produce forms which then 
return to the original fixed type. Hebenstreit, Bonnet, and Gleichen, 
all failed to detect spermatozoa in the semen of the male mule. More 
recently Pie vest, and Dumas, {Annul, des Sc. Nat. i. p. 1S3,) and R. 
Wagner, have examined the seminal fluid of hybrid birds, and have 
found the spermatozoa either absent or imperfectly developed. This 
fact of the spermatozoa being imperfectly developed in such animals is 
most important. 

Spermatozoa are sometimes met with in the male sexual organs of 
plants, but much more rarely than in animals. It being very difficult 
to distinguish the motion which the contents of the pollen grains of the 
higher orders of plants present from the molecular motion of Brown, 
we shall notice merely the spermatozoa of the Cryptogamic plants. 


CHAPTER V. 

OP PUBERTY, SEXUAL INTERCOURSE, AND FECUNDATION. 

I. Puberty .— The period of puberty, the commencement of that part 
of life which is distinguished by the capability of propagating the spe¬ 
cies, does not occur exactly simultaneously in the two sexes; and still 
greater variety in this respect is caused by differences of nation and 
climate. Puberty declares itself in the female sex of our climate about 
the 13th, 14th, or 15th year, and is indicated by the occurrence of men¬ 
struation. In the male sex puberty commences about the 14th, 15th, or 
16th year, and is attended with the secretion of semen, and with the 
occurrence of discharges of that fluid. In hot climates the body under¬ 
goes the changes of puberty earlier than in cold climates. It is stated 
that in the hot regions of Africa they take place in the female sex as 
early as the 8th year, and during the 9th year in Persia. Young Jew¬ 
esses are also said to menstruate earlier than other females in our own 
country. The capability of reproduction generally ceases in the female 
sex, together with the function of menstruation, between the 45th and 
50th years. The duration of the reproductive power in man cannot be 
so exactly defined; in general, it continues longer than in woman, and 
not unfrequently very old men manifest a remarkable degree of virile 
power. 

The changes in the system which characterise the period of puberty 
are partly local, affecting the generative organs, and partly of a general 
nature. The local changes consist in the growth of hair on the pubes in 
both sexes; in the menstruation of the female; in the copious formation 
of semen, and occurrence of erection in the male; and in the enlarge¬ 
ment of the breasts in the female sex. The general changes of the 
system affect principally the respiratory and vocal apparatus, the entire 
form of the body and the physiognomy, the character of the mind, and 
the feelings relating to the sexes. The respiratory organs acquire an 
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increase of volume at the age of puberty, especially in the male sex; 
and tlie vocal apparatus undergoes those changes of dimension and 
acoustic properties which have been described in another part of this 
work. Tlie whole body attaitis its most perfect form; while the features 
receive their stamp of individuality, and present signs serving to express 
the passions, though they are not yet so strongly marked as in many 
adults. Sexual ideas arise instinctively and obscurely in the mind, and 
set inaction the creative power of the imagination; but, at tlie same 
time, by their influence on the whole mind, call into play the noblest 
mental faculties, so as to elevate and adorn the feeling of love. 

Menstruation is the periodical discharge from the female generative 
organs of a bloody fluid poured out by the inner surface of the uterus. 
The first discharge is usually preceded and accompanied by some symp¬ 
toms of general disturbance of the system, namely, by abdominal con¬ 
gestion, pain in the loins, and a sense of fatigue in the lower limbs. Its 
periodical return is also attended in most women by abnormal symptoms, 
which are diflerent in different individuals. The menstrual periods 
occur usually at intervals of a solar month; their duration being from 
three to six days. In some women the intervals are as short as three 
weeks, or even less; while in others they are longer than a month. 
Aristotle {Hist. ^nim. 7, 2,) made the extraordinary statement that 
menstruation rarely occurs every month, but in most women only every 
three months. 

The menstrual discharge differs from ordinary blood in no other re¬ 
spect than that of containing only a very small quantity of fibrine, or 
none at all. {Lavagna, Meckel's *B.rchiv. 1818, bd. iv. p. 151.) The 
blood corpuscules exist in it in their natural state. 

Menstruation does not occur in pregnant women, nor in most cases 
in those who are suckling. But in rare instances it continues even 
during pregnancy. 

Menstruation, in the strict sense, is peculiar to the human female. A kind of men¬ 
strual dischargee was occasionally noticed by Rengger in the female of Cebus Azarrae; 
but this did not occur at regular periods. It was small in quantity, continued two or 
three days, and returned after intervals of three, six, or even ten weeks. This sign of 
maturity did not show itself until the end of the second year.* Geoffroy St. Hilaire, 
and Fr. Cuvier,')' have observed many facts of a similar kind among the monkey 
tribe. They noticed discharge of blood with enlargement of the sexual organs in 
Cercopithecus, Macacus, and Cynocephalus; but they maintain that these appearances 
were coincident with the monthly heat. During the periodical sexual heat in other 
animals also, as the horse and dog, there is sometimes a discharge of blood. But the 
menstruation of the human female is a phenomenon of a totally different nature, and 
has no connection with sexual excitement. 

We are quite ignorant of the cause of menstruation and its periodical return. The 
notion of the ancients that it cleansed the body from noxious matters is evidently erro¬ 
neous. The opinion, also, that its office is to relieve the uterus of the blood which 
during pregnancy would nourish the embryo, is unsatisfactory, since the small quan¬ 
tity of blood lost in menstruation does not correspond with the amount of nutriment 
which the foetus derives from the mother. More probability attaches to the view that 
the human female is preserved from too great sexual excitement by the menstrual flux. 


* Rengger, Naturgeschichtc der Sai'gethicre von Paraguay. Basel. 1830, p. 49. 

+ See their work, Hist. Nat. des Mammildrcs. See also Ehrenberg, Abbandl. der Acad, 
zu Berlin, 1833, pp. 351-3j8, on the occurrence of menstruation in the monkey tribe; and 
Nurnan, Froriep’s Notizen, p. 150, on menstruation in animals generally. 
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But it is still more probable that menstruation is the result of a periodical regenera¬ 
tion,—a kind of moulting of the female generative organs, attended perhaps with the 
formation of a new epithelium. The periodicity of the phenomenon is not connected 
with the changes of the moon, but with some condition of the organism itself; like 
other periodical actions or functions, it has an internal cause. The variations of the 
light afforded by the moon bear no constant relation to the periods of menstruation; 
on the contrary, different females are menstruating on every day of the month. The 
intervals of menstruation also, even when most regular, are not lunar but solar months; 
and they are very different in different women, in consequence of the various states 
of their system, and quite independently of external causes. 

In the male sex the tendency to periodicity is manifested only in the targescence of 
the genitals, and greater excitability and potency of the spinal cord and nerves engaged 
in the generative function; a state which is terminated, as it were by a crisis, in the 
act of coitus, or in the involuntary emission of semen. Women are much less, or 
perhaps not at all, subject to such periodical sexual excitement. The periodical heat 
occurs in the most marked degree in animals. In many of them it happens during 
the spring, as in most birds, reptiles, and Amphibia, in many fishes, and also in many 
mammals, as the rodents, moles, and horses. In other animals, as several fishes, 
birds. Amphibia, and Mammalia, the summer is the season of sexual heat; while in 
others again, as many ruminants, it occurs in the autumn; and in others, as dogs, cats, 
and other carnivorous animals, in the winter. (See the more detailed account in Bur- 
dach's Physiologic, bd. i. p. 381.) In tame animals the periodical sexual excitement 
is manifested with much less intensity than in the same animals in their wild state; 
and in many, as the elephant, sexual union never takes place while they are in con¬ 
finement. 

All the phenomena connected with the sexes which animals present, 
are dependent on the formative generative organs, the ovaries and testes, 
and on the influence which they exert on the rest of the organism. Not 
merely does castration during youth for the most part prevent the deve¬ 
lopment of the sexual feelings and emotions; but even when performed 
at adult age that operation destroys nearly entirely the sexual excita¬ 
bility. Sir A. Cooper (on the structure and diseases of the testis, pp. 
53,54,) had the opportunity of knowing during twenty-nine years a man 
both of whose testes had been extirpated. The operation was performed 
in 1801. “For nearly the first twelve months, he stated, that he had 
emissions in coitu or that he had sensations of emission. That then he 
had erections and coitus at distant intervals, but without the sensation 
of emission. After two years he had erections very rarely and very 
imperfectly, and they generally immediately ceased under an attempt 
at coi’tus. Ten years after the operation, he said he had, during the 
past year, been once connected.” In 1829 he stated, “that for four 
years he had seldom any erection, and then that it was imperfect. That 
he had for many years only a few times attempted coitus, but unsuc¬ 
cessfully; that he had once or twice dreams of desire and a sensation of 
emission, but without the slightest appearance of it.” 

II. The act of sexual union .—The act of sexual union, as regards the male sex, con¬ 
sists of erection and the ejaculation of semen. Erection is the result of the arrest of 
blood in the corpora cavernosa of the penis, effected most probably, as Krause 
(^Muller's .drchiv. 1837,) shows, by the action of the musculi erectores penis, which 
compress the deep veins of the organ as they issue from the corpora cavernosa, though 
they can exert no influence on the vena dorsalis. In the horse the veins of the corpora 
cavernosa give off such numerous communicating branches in different directions, that 
it is more difficult to explain there the act of erection.* The part played by the 

* On the cause of erection in the horse, consult Guenther, Untersuchungen und Erfuh. 
rungen im Gebiete der Anatomie, Physiologic und Thier-arzneikunde. Hannover, 1837. 
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arteriae helicinae in this act is not known; they cannot, however, be its sole cause, 
since in several animals, as the elephant, they do not exist, and even in the horse have 
quite a rudimentary form. It is in these animals that the muscle-like bands, passing 
between the veins of the corpora cavernosa, which were first observed by Hunter, are 
most highly developed. The remote source of the power of erection is the spinal cord; 
and hence the loss of this power in cases of Neuralgia dorsalis or Tabes dorsalis. 

The emission or ejaculation of the semen is a reflex action excited by irritation of 
the sensitive nerves of the penis. The act of ejaculation is itself the result of two 
movements; namely, of the persistent contraction of the organic muscular fibres of the 
vesiculae seminales, and of the repeated periodical contraction of the animal muscular 
fibres of the ejaculator seminis and other perinaeal muscles. Sudden irritation and 
injury of the medulla spinalis gives rise to emission of semen, which is then not ne¬ 
cessarily attended by erection. Discharge of semen is an ordinary phenomenon in 
decapitated criminals. That the vesiculae seminales are really receptacles of semen is 
beyond a doubt, since spermatic animalcules have been discovered in their contents in 
the human subject after death. They are, therefore, not mere secreting organs as 
Hunter supposed. (^Hunter's Works l^Falmer's edition'}, vol. iv. p. 20.) Hunter, 
however, proved by a series of observations, that when one testicle is extirpated, the 
vesicula seminalis of that side does not undergo diminution in size; and his view re¬ 
specting the office of the vesiculae was correct, so far as regards their secreting a 
mucous fluid. In the act of coition, however, the semen comes directly from the 
vesiculae seminales, and not from the testes. It is, moreover, mixed in the urethra 
with the secretion of Cowper’s glands, and with that of the prostatic gland, of the 
nature of which we are quite ignorant. 

Ill both sexes the act of coition is attended with pleasurable sensa¬ 
tions, but their respective share in the act itself is very different. In the 
female there is no expenditure of the nervous power in the production 
of erection, no energetic rhythmic muscular contractions when the vene¬ 
real excitement has reached its height, and no emission of semen; but 
merely an increased secretion of mucus from the mucous follicles of 
the vagina, excited by the impressions on the sensitive nerves of the 
female sexual organs, and serving to lubricate the passage. The man 
feels exhausted after the act; the woman does not. It appears, there¬ 
fore, that the nervous excitement and actions of the male during the act 
of coition, attain, in a short period, a great degree of intensity, and are 
as rapidly depressed, while there is no evidence that such is the case 
in the woman. The clitoris, which is known to be the part most sus¬ 
ceptible of the pleasurable sensations in the female, is not, like the 
penis of the male, rendered by friction the seat of intense sensation and 
nervous excitement during coition, and hence its excitability is found 
not to be wholly exhausted after the act is completed. We are, there¬ 
fore, justified in concluding that the sensitive excitement of the woman 
is neither so rapidly rendered intense, nor so rapidly depressed, as that 
of the man; and this conclusion accords with the fact, that women bear 
frequent sexual intercourse better than men, and are much less fre¬ 
quently affected with Tabes dorsalis, in consequence of sexual excess. 
The clitoris, though agreeing with the penis in its mode of development, 
yet differs from it essentially in its functions, since it is generally in¬ 
capable of true erection. In the genus of monkeys, Ateles, the clitoris 
is normally of extraordinary length, and this circumstance has given 
foundation to the accounts related of the structure and habits of some 
female monkeys. The clitoris of the females of the genus Ateles has 
very large corpora cavernosa, in which, however, I have found merely 
fat; while the sensitive nerves of the penis, the nervi dorsales, were very 
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large.* This large size of the clitoris is peculiar to the genus Ateles; in 
other genera of monkeys the organ presents nothing unusual. 

III. Separation of the ova from the ovary, and their reception into the Fal¬ 
lopian tubes .—In oviparous animals the separation of ova from the 
ovarium may take place either independently of impregnation by the 
male, or as the result of that act. In the Amphibia, the ova of which 
are impregnated out of the body of the female, for example, in frogs, 
the ova have separated from the ovary, and have accumulated in the 
oviduct long before the time of fructification. The ova of the female 
frog having accumulated in the oviduct, and distended it to a conside¬ 
rable size, are expelled from it by the action of its walls during the 
excitement of copulation, and are immediately impregnated by the 
male, who sits on the back of the female firmly embracing her. 

In fishes, also, the ova seem to separate from the ovaries before fecundation. For 
in the majority of fishes there is no sexual union. The male and female, under the 
venereal excitement, accompany each other through the water, and the ova being 
deposited by the female are fecundated by the semen which the male emits. There 
are some fishes, however, as the Blennius viviparus and other viviparous fishes, in 
which internal impregnation is effected, either by the semen emitted by the male 
finding its way with the water into the internal generative organs of the female, or by 
an actual act of copulation as in the sharks and rays. 

Birds, also, which begin to lay their eggs after copulation and impregnation, con¬ 
tinue to lay them when they are kept quite separate from the male bird; and here, 
also, the ova evidently separate from the ovary independently of impregnation. The 
same is the case with some insects, as, for example, butterflies; for they also deposit 
mature ova when they have been kept isolated from the male from the time of their 
entrance into the chrysalis state. 

In Mammalia, on the contrary, the separation of the ova from the 
ovary seems to be dependent on the act of impregnation. It has, it is 
true, been stated, that cicatrices of the ovaries, resulting from the escape 
of ova, have been seen in the bodies of virgins {Home, Philos. Trans¬ 
act,)', but that is certainly not an ordinary occurrence. Usually, it is 
only after a successful union of the sexes, that one or more Graafian 
vesicles are found turgid. At a somewhat later period, after coition 
has taken place, the turgid and vascular vesicle of De Graaf bursts, 
and the ovulum is received into the Fallopian tube. These results of a 
fruitful union of the sexes, the change in the condition of the ovary, 
the dehiscence of the Graafian follicle and escape of the ovulum, are 
now known to be consequences of the direct action of the semen on 
the ovary itself, and not of its action merely on the external generative 
organs. For Professor Bischoft' and Dr. Barry have made the impor¬ 
tant discovery, that the semen of male mammiferous animals which 
have been induced to copulate, is really conducted through the entire 
length of the Fallopian tube to the ovary. 

The mode in which the ova, unimpregnated or impregnated, are transferred from 
the ovary to the Fallopian tube or oviduct is far from being accurately known. 

In Mammalia and birds the proximity of the ovary to the infundibulum of the Fal¬ 
lopian tube must, to a certain extent, facilitate the entrance of the ovum into the 
latter; but even here there is a phenomenon, as yet unexplained, in the Fallopian 
tube applying its infundibulum, or fimbriae, at the time of impregnation, not merely 

* See Fugger, De Singular! Clitoridis in Simiis Generis Ateles Magnitudine et Conforma- 
tione. Berol. 1835. 
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to the ovary, but exactly to that part of it at which there is an ovicapsule on the point 
of bursting. 'J’his erectile turgescence of the Fallopian tube, and its close applica¬ 
tion to the ovary, have been many times observed in mammiferous animals,—namely, 
by De Graaf, Kiihlemann, Haighton, Cruikshank, Von Baer, and Wagner. The 
phenomenon continues during the first few days after coition has taken place. Von 
Baer observed it in pigs and sheep as late as the fourth week, while Wagner found 
that it ceased in pigs about the eighth or tenth day. 

The changes which precede the expulsion of the ovum from its capsule, and which 
the capsule afterwards undergoes, are the following:—Both in oviparous animals and 
in Mammalia the posterior part of the capsule swells before the escape of the ovum; 
but in Mammalia this tumefaction is much greater than in other animals, and the 
swollen capsule appears very vascular. Even before the ovulum has left its cavity, 
the capsule becomes in a great part filled with a brownish-yellow substance. In 
consequence of this change the contents of the capsule are protruded against its outer 
wall, which has become tliinner, and now projects with the ovulum beneath it in a 
hemispherical form al)ove the surface of the ovary and thickened follicle. An aper¬ 
ture, the stigma, is then formed at the most prominent point. Immediately after the 
escape of the ovulum the cavity of the follicle, or Graafian vesicle, appears very 
small; in a short time it becomes quite filled with a granular mass, and a kind of 
wart is developed in the situation of the former opening. This wart afterwards dis¬ 
appears, and then the altered follicle remains with the form of the round corpus 
lulemn. In oviparous animals the calyx gradually diminishes in size after the escape 
of the ovum, and is retracted into the mass of the ovary and absorbed. 

According to Dr. Barry, {Fhil. Trans. 1839, Pt. ii. p. 317,) the corpus luteum of 
mammiferous animals is developed in the vascular covering of the ovisac, or external 
tunic of the Graafian vesicle. Dr. R. Lee, {Med. Chir. Trans, vol. xxii. p. 329,) on 
the contrary, supposes that it is formed externally to both coats of the vesicle. Dr. 
Montgomery {On the Signs of Pregnancy, p. 21G) and Dr. Patterson {Edinb. Med. 
and Surg. Journal, Nos. 142 and 145), again, state as the result of their ob¬ 
servations, that the substance of the corpus luteum is deposited between the coats of 
the follicle. The true corpus luteum appears never to be produced except as the 
result of conception. False corpora lutea, on the contrary, are frequently met with. 
They generally, according to Dr. Montgomery, appear to be formed by an extrava¬ 
sation within the Graafian vesicle. A thickened state of the coats of the vesicle, 
which ensues in advanced age, sometimes simulates a corpus luteum. False cica¬ 
trices of a vesicle have an irregular form, and want the small round opening which is 
the result of conception. In the ovaria of women who had died during menstruation. 
Dr. Lee saw other appearances which might have been mistaken for corpora lutea. 
The Fallopian tubes were red and turgid; the peritoneal coat of one ovary was per¬ 
forated by a small circular opening, around which the surface of the ovary was ele¬ 
vated, and of a bright red colour, and the opening sometimes communicated with a 
cavit}’; hut the distinctive characters of the corpus luteum were wanting. 

IV. Fecundation .—The semen miglit be supposed to effect fecunda¬ 
tion in different ways. Its immediate action might be on the organism 
of the female, the fecundation of tfie ovum being a secondary and 
indirect result of this action; or it might be exerted directly upon the 
ovum itself. In the former case, the semen could be conceived to act 
as a stimulant of the female genitals, producing a state of excitement 
of which fecundation is the effect; or it might be absorbed into the 
blood of the female, which would explain not only the changes that 
take place in the ovary, but also the more general results of fecundation. 
Tliere have, indeed, been writers who, resting on these theories, liave 
imagined the possibility of fecundation being effected in other than the 
ordinary way, by means of semen infused into the blood. Observa¬ 
tions, however, have shown that the fecundation, following union of 
the sexes, results from the direct action of the semen upon the ovum. 
Tliis is proved partly by the experiments of Plaighton, {Phil. Trans. 
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1797,) in Avhich ligature of one Fallopian tube before copulation pre¬ 
vented the impregnation of the ovary of that side, while fecundation 
always took place in the ovary of the opposite side on which the Fal¬ 
lopian tube was left free; and partly by the cases in which, either arti¬ 
ficially or naturally, impregnation is effected quite independently of the 
female organs of generation. 

It is equally certain that fecundation does not depend on any influence of the entire 
male organism, but on the semen alone. This, indeed, was proved long since by 
experiments of Spallanzani and Rossi, who found that semen of a dog, introduced by 
means of a syringe into the generative organs of a bitch, effected impregnation. 
There can, therefore, be no doubt that the essential cause of fecundation, wherever 
it takes place, is not any influence of the male organism upon the female, but the 
action of the semen itself upon the female germ. 

Two views have been taken of the mode of action of the semen on the ovum. Some 
physiologists have believed it to be immediate, while others have supposed it to take 
place through the intervention of a peculiar emanation, the aura seminalis. The 
falsity of the latter opinion is sufficiently proved by Spallanzani’s observations, 
already referred to, which show the necessity of absolute contact of the semen with, 
the ova of frogs, for producing fecundation. Where the ova were suspended above 
the semen, and very close to its surface, no fecundation took place; while semen, 
diluted in the proportion of three grains to eighteen ounces of water, was efficient 
for impregnating by contact. Spallanzani found a drop of this fluid adequate to im¬ 
pregnate ova. ((See Spallanzani, Experiences pour servir a I'Hisioire de la Generation. 
Genhe, 178G.) 

But it is not merely in Amphibia and fishes that the contact of the 
semen with the ova is thus necessary for fecundation; the fact of the 
semen being conveyed in Mammalia from the uterus along the Fallo¬ 
pian tubes, even to the ovary, proves that the same condition obtains 
in all animals. The semen passes into the uterus either soon after or 
during the act of copulation. Leeuwenhoek, on several occasions, de¬ 
tected spermatozoa in the uterus of mammiferous animals, which had 
recently had sexual union. Prevost and Dumas {Jlnnal. des Sc. Nat. 
tom. hi. p. 119,) discovered them in the uterus twenty-four hours after 
the act of copulation, and on the third and fourth days in the Fallopian 
tubes. Bischoff’s observations ( Wagner’s Physiologic, p. 49,) are still 
more conclusive. In a bitch which had had coition with a dog nineteen 
hours before, and again half an hour before it was killed and examined, 
he found spermatic animacules upon and between the fimbrite of the 
tubes, and in the sac or peritoneal capsule round the ovary and even 
upon this organ itself. Wagner, in the same year, (1838,) relates a 
similar observation made by himself on a bitch, in which the examina¬ 
tion was instituted forty-eight hours after coition had taken place: he 
detected the seminal animalcules not merely in the uterus and Fallo¬ 
pian tubes, among the fimbrim, and close to the ovary, in which there 
were three Graafian vesicles ready to burst. In Mammalia, therefore, 
as well as in other animals, it is an ascertained fact, that the semen and 
ovum are brought into immediate contact.’' 

* Dr. Barry’s observations were made on the rabbit. In seventeen out of nineteen 
instances he was unable to discover spermatozoa in the fluid collected from the surface 
of the ovary. On one occasion he found a single spermatozoon, which was dead, 
while the ova had escaped. On a second occasion he found, twenty-four hours pest 
coitum, several spermatozoa on the ovary. Some of these animalcules were alive and 

70* 
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THE PART WHICH FECUNDATION TAKES PLACE. 


The situation in which the impregnation of the ovum takes place, is 
very different in different animals. We have already seen that the 
ovum may be separated from the ovary before as well as subsequent to 
impregnation. Hence it follows that impregnation may take place in 
three situations. 

a. Impregnation external to the body of the female. —It has already been 
mentioned, that this is the mode of impregnation in most Amphibia 
and fishes. 

b. Impregnation of the ovum while still in the ovary. —This is the place 
of impregnation, at all events, in man and mammiferous animals. In 
all cases of extra-uterine pregnancy, in which the ovum is developed 
in the ovary itself, or escaping into the abdominal cavity is developed 
there, it cannot be doubted that the ovum was in those instances im¬ 
pregnated in the ovary; but the fact of Bischoff and Barry having 
traced the spermatozoa as far as the ovary, proves that impregnation is 
always effected in that situation in Mammalia. The mode in which 
the semen is conducted so far through the female generative organs, is 
no longer a problem requiring solution; for the discovery of the ciliary 
motion affords a solution of it. It is difficult, however, to explain the 
occurrence of fecundation when the hymen is still perfect, or when the 
penis is very short or affected with congenital hypospadia. How fecunda¬ 
tion is attained in these cases, which are rare, is quite a mystery. (♦S'ee 
the remarks on cases of this kind in Burdachls Physiology, bd. i, 528.) 
I must, however, remark, that it is only in the first of them,—that of 
the persistent hymen,—that the possibility of fecundation appears to 
me to be absolutely certain. In other cases, all the conditions for abso¬ 
lute proof cannot possibly be fulfilled; for, that the impregnation of a 
female was effected by a hypospadiac and not by another man, must 
always be a mere matter of faith. 

Of the intimate changes on which fecundation depends, we are yet 
wholly ignorant; and up to the present time it was the less possible for 
us to become acquainted with them, since we were uncertain even as to 
the situation in which the process took place. The principal question 
which it is desirable to decide with regard to the nature of the fecun¬ 
dating process respects the part which the spermatozoa play therein. 
Do they serve merely to increase the sphere of action of the fertilising 
matter, as insects, carrying abroad the pollen, aid in the fecundation of 
plants, or do they themselves contain the essential fertilising principle? 
The observation of R. Wagner, that the spermatozoa suffer a change 
of form in hybrid animals is in favour of the latter view. The 
spermatic animalcules, however, certainly bear no intimate relation 
to the germinal vesicle; for in the ova of oviparous animals the germi¬ 
nal vesicle disappears at the time of their discharge from the ovary 
when they are yet uiiimpregnated. Equally certain is it that the 
spermatozoa do not become the future embryos. For the germinal 
disk appears perfectly unchanged after fecundation, and the develop¬ 
ment of the embryo by the growth of the germinal disk to form the 

active, though not in locomotion; others were dead. There was no enlargement of 
the Graafian vesicles, nor a high degree of vascularity of any of the parts. Phil. 
Trans. 1839, pt. ii. p. 315. 
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germinal membrane, and the subsequent changes of organisation, can 
be accurately traced. Vegetable physiology has gone a step further 
than animal physiology in the elucidation of the act of fecundation; 
hence it is important for us to examine this process as it occurs in the 
vegetable kingdom. 

The parts of plants which have hitherto been regarded as the male sexual organs, 
are the anthers. The pollen grains contained within the anthers enclose a semi-fluid 
matter, the fovilla, composed in great part of minute globules, the nature of whose 
motions is yet a subject of disputation. (See Meyen, op. cit.) 

The pistil is usually regarded as the female part of the flower; its upper part is 
called the stigma; and its lower part is the ovarium, or germen, in which the ovula 
are formed long before impregnation. The stigma and ovarium are united by the 
style. The style is formed internally of cellular tissue, which either occupies the 
whole thickness of the style as low as the ovarium, or more commonly includes a 
central cavity, which extends from the stigma to the ovarium, where it divides into as 
many branches as there are ova. The ovulum has generally two coats, or integu¬ 
ments, the primine and secundine, which enclose the cellular nucleus or perisperm. 
Both coats of the ovulum are connected with the ovarium through the medium of the 
funiculus which transmits the vessels that terminate in the primine and secundine. 
Both these coats also present at another point an opening, the micropyle or foramen, 
which leads to the internal portion of the ovulum, or the nucleus. In many plants 
the nucleus projects through the foramen in the form of a conical prominence. In the 
interior of the nucleus is a cavity, the sac of the embryo, which is formed by a single 
cell, and is of great importance in the process of fecundation. 

At the period of fecundation the anthers of hermaphrodite flowers approach the 
stigma, and shed their pollen upon it. In plants of which the sexes are distinct the 
pollen is conveyed to the female ovaria, often from a considerable distance, either by 
the wind or by insects. The intimate steps of the process of fecundation have been 
brought to light by modern researches. Amici observed that the pollen grains, when 
received upon the stigma, emitted tubes. Brogniart traced these elongating tubes into 
the tissue of the stigma. They are productions of the inner coat of the pollen grain, 
and increase in length by true vegetative growth, and by the appropriation of nutri¬ 
tive matters which they derive from the stigma. More recently the pollen tubes have 
been found to extend through the canal of the style, or its cellular tissue to the ovulum, 
and have been ascertained to enter the foramen or micropyle. The nature of the 
act of fecundation has thus, by the observations of Robert Brown, Horkel, Schleiden, 
and Meyen, been fully established in the case of many plants. These observations, 
however, have led to differences of opinion respecting the sexes of plants. Mirbel 
regarded the act of fecundation as the engrafting of a male cell upon a female cell. 
According to Schleiden’s observations,* on the contrary, the pollen tube itself becomes 
the future embryo. He describes the extremity of the pollen tube as entering the 
foramen of the ovulum, as pushing theembryosac before it, and as becoming imbedded 
in it. 7'he part thus included in the ovulum, according to Schleiden, becomes sepa¬ 
rated by a constriction, and detached from the rest of the pollen tube; forms the rudi¬ 
ment of the future embryo, and is the nidus for the development of new cells. Ac¬ 
cording to this description, which is based on numerous observations, the doctrine of 
the sexes of plants must be entirely reformed, and the parts hitherto regarded as the 
female sexual organs must be viewed merely as a kind of uterus, in which the embryo 
is nourished. Other writers, and especially Treviranus and Meyen, support the old 
theory of the sexuality of plants. 

* Wiegman’s Archiv. 1837, t. i. p. 291. Nov. Act. Nat. Cur. t. xix. p. 1. 
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Wolff’s hypothesis of generation. 


CHAPTER VI. 

THE THEORY OF SEXUAL GENERATION. 

a. Casper Fried. Wolff's theory of the fecundation of plants and animals. 

The fundamental notion on which Wolff bases his theory of concep¬ 
tion is, that in fructification the vegetation of plants attains its end, and 
that as soon as flowers are developed at the extremity of the axis of a 
plant, that part becomes incapable of prolonging the axis by the forma¬ 
tion of leaf buds. He then shows that the organs of fructification are 
merely modified leaves. The calyx of the sunflower, he says, is com¬ 
posed of a number of leaves smaller than the ordinary leaves of the 
plant, closely aggregated together. The petals, again, are merely leaves, 
as is evident in the grasses. The corolla of grasses is not distinguished 
from the calyx (or paleae), and differs from the ordinary large leaves of 
the grass in no other respect than the calyx differs from them. The 
colour of flowers is not essential and often is gradually developed. The 
flower of Statice has many calyces, of which the most inferior is pale 
and devoid of colour, the next succeeding more and more inclined to 
red, and the most superior, like the flower itself, of the deepest red, 
although its figure is not different from that of the other calyces. The 
seed-vessels are evidently modified leaves, for, when they are ripe and 
dehisce, each valve appears as a true leaf. The same is the case with 
the seeds. As soon as they are put into the ground, their lateral halves, 
or cotyledons, become transformed into leaves. 

Wolff next demonstrates that the modification which leaves undergo in the forma¬ 
tion of the flowers is dependent on an arrest of the vegetative process. The leaves 
which constitute the calyx of the sunflower, are, he observes, scarcely one eighth part 
so broad as the ordinary leaves of the plant, and are much shorter. The leaves forming 
the calyx (or bracts) and flower of the grasses are scarcely one-fifth part so long as the 
perfect leaves. He adds, that the proper leaves of a plant gradually become imperfect 
as they are nearer to the organs of fructification, and remarks that this is so much the 
case in the sunflower and many other plants, that it is impossible to say where the 
ordinary leaves cease and those of the calyx begin. It may be added, that the inter- 
nodia of the stem are shorter and shorter in proportion as they are nearer to the flowers, 
and that in the position of the sepals composing the calyx of many plants, the spiral 
arrangement of the leaves of the stem can still be distinctly traced. The vegetative 
action, therefore, says Wolff, evidently becomes more imperfect and weaker towards 
the point of fructification; and it must, at length, entirely cease. This perfect arrest 
of vegetation takes place in the seeds. The want of nutritive juices is the cause of 
the arrest of vegetation, as is shown by the withering and fall of the fruit. If a plant 
which is known to put forth leaves a certain number of times, for instance, six times, 
before developing the organs of fructification, is set in a very poor soil, not only will 
its leaves generally become very small and imperfect, but it will scarcely have put 
forth leaves three times before fructification will take place. If this same plant is 
placed, not in poor, but in moist and rich soil, its leaves will become larger and more 
perfectly formed, and instead of developing leaves six times, it will put them forth 
nine times before it shows the organs of fructification. Moreover, if, while the fructi¬ 
fication of a plant is thus delayed by the richness of the soil, it is transplanted to a 
poor soil, flowers will immediately appear. Lastly, if a plant which has already- 
developed the calyx and rudiments of the corolla and anthers in poor soil, is quickly 
transplanted to rich soil, the anthers can be seen to become transformed into petals in 
consequence of the excess of nutriment. 
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WOLFP’S HYPOTHESIS REPUTED. 

In the next place, Wolff remarks that the first parts of the youn^^ plant, developed 
by the power of the male semen, do not differ from the ordinary leaves of the parent 
plant. The young plumula, is, like the leaf bud of the parent plant, composed of 
young leaves. Both, therefhre, require for their development the same agency or 
cause, which was in operation in the old plant when it produced its ordinary leaves. 
The male semen, or the pollen, must be this cause of vegetation, which was previously 
deficient; or, in other words, it must be nutriment in its highest perfection. The 
afflux of the ordinary nutriment of the plant to the extremity of its axis by the ordinary 
passages, ceases; but the male semen, or pollen, is a kind of nutriment, which, instead 
of being conveyed through the ordinary channels, is supplied from without to the parts 
of the plant destined to undergo vegetation. 

Wolff explains the phenomenon of conception in animals in the same 
way. The ovary is the part of the animal organism in which the vege¬ 
tative action is arrested, and hence it may be compared to the imper¬ 
fectly developed terminal bud of plants. 

h. Critical examination of Wolff's theory. 

In Wolff’s theory of conception there is much that is perfectly correct, but its main 
conclusion is erroneous and involves a false view of the nature of semen. It is quite 
true that fructification is the result of abortive vegetation; but this abortive develop¬ 
ment is of an extraordinary kind, and cannot be removed by the most perfect nutri¬ 
ment. A deciduous leaf-bud is also abortive in its vegetation, and was so, even before 
its separation from the parent plant; there are leaf-buds, as we have seen, which con¬ 
sist merely of a single cell, and which, therefore, are quite as simple as the germ 
formed in fructification; and, nevertheless, these leaf-buds in their internal condition 
and endowments are totally different from the germs of the organs of fructification. 
All that the deciduous bud requires for its perfect development is, that new nutriment 
should be supplied to it from without, either by the soil or by another vegetating 
organism, on which it is engrafted. The semen of the male, on the contrary, far from 
merely yielding nutriment, however perfect, to the unimpregnated germ, really con¬ 
tains within itself, just as the germ of the female does, the power of determining the 
whole form of the species, whether plant or animal. This fact is evident in ordinary 
generation, as well as in the production of hybrids. The offspring in ordinary gene¬ 
ration, possesses, not merely the properties of the mother, but those of the father also 
in an equally marked degree. This is matter of constant observation, in the genera¬ 
tion both of man and of animals. The race, form of body, propensities, passions and 
talents of the father, as well as of the mother, are manifested in the progeny; and 
since these peculiarities are communicated to the germ by the semen, they must be con¬ 
tained in it, just as those of the female parent are contained in the germ. The same 
evidence is afforded by the intermediate forms resulting from the intermixture of dif¬ 
ferent species. The mule partakes of the characters of both the horse and the ass; 
and the hybridising of plants as frequently gives rise to intermediate forms distinct 
from either parent plant, and not to be regarded as merely aborted individuals of either 
species. Hence, if the semen be denominated nutriment, it must be regarded as a 
kind of nutriment in which, no less than in the germ, are involved the specific form 
of the animal or vegetable, and all its individual peculiarities. 

In the same way we may refute the theory of those physiologists, 
who regard the semen not as nutriment, but, on the contrary, as an 
agent which arrests the vegetation of the germ and the growth of the 
axis of the plant. For this arrest, of vegetation occurs in plants where 
there are merely female flowers, and where no influence of the fecun¬ 
dating principle could be exerted. Moreover, since this fecundating 
principle has the power of determining the form of the male individual, 
it can be neither a mere stimulus nor an agent which simply arrests 
vegetation. 

c. Of the nature of the ovum and semen, and of the process of conception. 

The unirnpregnated vegetable germ and the leaf-bud agree in both 
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possessing “ potentially” the specific form of the plant. They differ, 
however, from each other, in the flower-bud which contains the unim¬ 
pregnated germ being unable, of itself, to put forth new buds; while 
the leaf-bud not only can develop itself to a new individual, but may 
become the stock from which an infinite number of new individuals are 
developed. The unimpregnated germ, therefore, though involving “ in 
potentia” the form of the species, yet is, in consequetice of a peculiar 
impediment to its organising action, unable to develop this form “ in 
actu;” but the leaf-bud is free from such impediment. The organising 
action of a leaf-bud is certainly impeded when the nutriment necessary 
for vegetation is not supplied to it, as may happen to a deciduous leaf- 
bud. But the impediment to the organisation of the unimpregnated 
germ is much more intimately connected with its own constitution: for 
the germ does not undergo development even when it is supplied with 
the necessary nutriment. What, then, is the nature of this cause which 
prevents the organising action of the germ from being exerted? Since 
it is not merely want of nutriment, it most probably consists in the germ 
having defects in its constitution from which the leaf-bud is free, and 
which render the development of the germ in the pre-ordained form 
impossible. The semen or fecundating matter contains that which gives 
integrity to the germ. The semen, also, is capable of determining the 
specific and individual form of the new animal or plant, but it likewise 
is the subject of a defect which renders it incapable of actually develop¬ 
ing that form, until it has united with the female germ. The defects, 
however, of the ovum, or germ, and of the semen, are not identical in 
nature, since each contains that in which the other is deficient. The 
ovum and semen are not similar halves of one whole. The ovum, at 
least that of animals, contains the part destined to germinate, and is, in 
fact, the primary cell, or contains the primary cells, which form the basis 
of the new organism, and maintain, unbroken, the chain of organisa¬ 
tion. The semen, on the contrary, does not itself germinate, but is a 
fluid excitor of germination, endowed, at the same time, with the power 
of determining the form not only of the species but of the individual 
organism which produced it. 

It may here be well to glance at the mode of vegetation of cells within developed 
organisms. The cells of vegetables have the power of transforming the nutriment 
brought into contact with them into a fluid productive matter, within which new cells 
are developed. The formation of the new cells in this plastic matter, the “cytoblas- 
tema” of Schleiden is determined by the influence of a pre-existing cell, and is effected 
by a definite process; nuclei being first formed, around which the young cells are de¬ 
veloped. Schwann’s researches have shown that the cells of the animal organism 
grow in the same way. The germ, therefore, which is really a cell, may be regarded 
as a primary cell endowed with the power of producing the specific form of the plant, 
but defective in the respect of being incapable of producing the “ cytoblastema.” The 
semen or fecundating matter, on the contrary, though capable of determining the power 
of the new organic being, contains no primary cells, but resembles, more nearly, a 
“cytoblastema,” endowed with the property of producing a definite form, but inca¬ 
pable of vegetating except under the influence of a primary cell already formed. We 
may imagine, that when the primary cell of the germ, and the “cytoblastema” of the 
semen are brought together, the vegetation of the primary cell will commence; while, 
in consequence of both the primary cell of the germ and the plastic matter of the semen 
exerting an influence on the products of this vegetation, the new individual must pre¬ 
sent a mixture of the forms which the germ and semen had respectively a tendency to 
give, and will resemble both the male and the female parent. 



BOOK IX. 

OF DEVELOPMENT. 

SECTION I. 

OP THE DEVELOPMENT OF THE OVUM AND EMBRYO. 

I. The development of the embryo of vertebrate animals is presented 
to us in its most simple form in fishes and the Amphibia. 

In all animals some changes in the entire mass of the yolk seem to 
precede even the first modelling of the embryo. The extetjt of these 
changes, however, is very different in the different classes. They are 
least considerable in birds, and most so in Amphibia, fishes, and many 
invertebrate animals; in which they produce the phenomenon of the 
regular division and subdivision of the whole yolk. 

The yolk has the most essential share in the development of the 
embryo. In some cases it is the portion of the yolk called the germinal 
membrane, which more especially contributes to the production of the 
new animal; in other cases, as in the frog, the entire mass of the yolk 
has this function, Rusconi was perfectly correct when he remarked 
that the embryo of the frog was formed from the whole yolk. The dis¬ 
coveries of Schleiden and Schwann respecting the growth of cells throw 
an unexpected light upon this subject. 

Schwann has shown that the ovum of animals is a cell; that the mem¬ 
brane of the yolk sac represents the cell membrane, or wall of the cell; 
the germinal vesicle, the nucleus; and the yolk, the contents of the cell. 
He has further shown that the cells of the yolk are produced, in a man¬ 
ner conformable with the law regulating the development of all cells, 
within their parent cell, the ovum; and that the substance of the embryo 
itself is at first composed of cells. Schwann has likewise remarked that 
the yolk must be regarded not as mere nutritive matter, but in the light 
of a body having life; since the cells composing it take an essential part 
in the formation of the embryo. These cells effect a chemical change 
in their contents during the process of development, in consequence of 
which the yolk loses its coagulable property. Schwann, therefore, com¬ 
pares the yolk in respect of the share which it has in nutrition to the 
albumen of the embryo of plants. The proper albumen or white of the 
bird’s egg entirely disappears during incubation, being absorbed as 
nutriment for the chick. 

The further changes which the cells of the yolk undergo have been 
observed by Bischoff, Barry, and Reichert. Professor Bischoff and Dr. 
Barry recognised the development of cells within the yolk of the ovulum 
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of Mammalia. Riechert has discovered that the formation of young 
cells within the previously existing cells composing the entire mass of 
the yolk is a process which continues during the whole period of de¬ 
velopment in frogs, where the entire yolk is employed in the building 
up of the embryo. In birds, according to the same observer, this pro¬ 
cess does not take place; the formation of young cells being there limited 
to that part of the yolk which more immediately contributes to the for¬ 
mation of the embryo. 


CHAPTER I. 

DEVELOPMENT OP MAMMIPEROUS ANIMALS AND MAN. 

I. Development of the ovum of Mammalia. — The transit of the 
ovum from the ovary into the Fallopian tube sometimes takes place 
within a few hours after the act of sexual union: thus. Dr. Barry found 
that the ovulum of the rabbit left the ovary within nine or ten hours 
after the coitus. In other cases the process occupies twenty-four hours, 
or even several days. 

De Graaf (^Opera Omnia, 215.) observed, that the ovula of rabbits 
had been discharged from the ovary three days after the coitus. Cruik- 
shank {Phil. Transact. 1797,) found them in the Fallopian tube on the 
third day, and on the fourth day in the uterus. Coste found ova of 
rabbits in the uterus twenty-four hours after sexual union. Wharton 
Jones detected the ova of a rabbit in the Fallopian tube, two days after 
impregnation; while in a rabbit which he examined forty-one hours 
after its connection with the male, no ova,could yet be discovered either 
in the tubes or in the uterus. Prevost and Dumas, instituting an ex¬ 
amination of two bitches eight days after impregnation, found ova in 
the uterus; and in one of the two a single ovum was also discovered in 
the Fallopian tube. 

According to the researches of Bischoff, made on bitches, the period 
of the escape of the ova from the ovary is very different in different 
cases. The earliest time at which he detected ova external to the 
ovary was thirty-six hours. In one bitch, the ova had not left the 
Graafian vesicles nineteen hours after the act of sexual union. In 
another bitch, which fourteen days previously had ceased to have 
coitus with the dog, the ova had reached only the middle of the Fal¬ 
lopian tubes. A third bitch had refused the dog eleven days, and yet 
the ova had only just entered the uterus, and were very backward in 
their development. A remarkable fact, which seems quite unique, has 
been observed in the case of the ovum of the roe-deer. A very long 
period intervenes between the act of impregnation and the separation 
of the ovum from the ovary. The time of sexual union is August, 
while, according to the numerous observations of Pockels, ( Wieg- 
manii^s Jirchiv. 1835, 195. Muller’s Jirchiv. 1836, 183,) the ovum 
does not leave the Graafian vesicle and enter the Fallopian tube before 
December. The period of heat lasts from the end of July to the end of 
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August. Ttie oviiiii therefore remains about four months after its im¬ 
pregnation before its development commences. 

The primitive changes wiiich the ovum undergoes in the Fallopian 
tubes, and in the uterus, have been described by Cruikshank, Prevost 
and Dumas, Von Baer, Coste, Wagner, Wharton, Jones, Bischoff, and 
Barry. 

Dr. Barry* has made some remarkable observations relative to the changes which 
lake place in the ovum immediately after impregnation,—observations which seem to 
bring us much nearer to a perfect acquaintance with that process. In immature ova, 
according to Dr. Barry, the germinal vesicle is situated at the centre of the yolk; but 
subsequently it passes to the surface. The ovum itself lies at first in the centre of 
the Graafian vesicle; but previously to impregnation is conveyed to that part of its 
surface which is nearest to the exterior of the ovary, and is held there by the “retina¬ 
cula,” described at page 1470. The germinal spot is at the same period placed at the 
surface of the germinal vesicle. Such is the condition of the mature ovum, ante 
coitum; that is to say, its essential parts lie as near as possible to the surface of the 
ovum and Graafian vesicle. Post coitum, but before the discharge of the ovum from 
the ovary, the germinal spot passes to the centre of the germinal vesicle, and the 
germinal vesicle to the centre of the yolk. The nature of these changes in the con¬ 
dition of the ovum, taking place after coitus, and the fact of spermatic animalcules 
having been traced to the ovary itself, render it exceedingly probable that these 
changes are produced by the contact of the seminal fluid. In further, and more minute 
researches,f directed to discover the state of the ovum at the moment of fecundation, 
as well as immediately before and after that event. Dr. Barry has made the following 
important observations:—He finds that the germinal vesicle is really the essential por¬ 
tion of the ovum, and that it is the seat of the most important changes which imme¬ 
diately follow impregnation. “ It is known that the germinal spot presents, in some 
instances, a dark point in its centre. The author finds that such a point is invariably 
present at a certain period; that it enlarges, and is then found to contain a cavity filled 
with fluid, which is exceedingly pellucid. The outer portion of the spotresolves itself 
into cells; and the foundations of other cells come into view in its interior, arranged in 
layers around the central cavity; the outer layers being pushed forth by the con¬ 
tinual origin of new cells in the interior. The latter commence as dark globules in 
the pellucid fluid of the central cavity.” “The germinal vesicle, enlarged and 
flattened, becomes filled with the objects arising from the changes in its spot, and 
the interior of each of the objects filling it, into which the eye can penetrate, pre¬ 
sents a repetition of the process above described. The central portion of the altered 
spot, with its pellucid cavity, remains at that part of the germinal vesicle which is 
directed towards the surface of the ovum, and towards the surface of the ovary. M 
the corresponding part, the thick transparent membrane of the ovum, in some instances, 
appears to have become attenuated, in others also cleft. Subsequently the central portion 
of the altered spot passes to the centre of the germinal vesicle; the germinal vesicle, 
regaining its spherical form, returns to the centre of the ovum, and a fissure in the 
thick transparent membrane is no longer seen. From these successive changes it may 
be inferred that fecundation has taken place; and this by the introduction of some sub¬ 
stance into the germinal vesicle from the exterior of the ovary. It may also be inferred, 
that the central portion of the altered germinal spot is the point of fecundation. In 
further proof that such really is the case, there arise at this point two cells, which 
constitute the foundation of the new being. These two cells enlarge, and imbibe the 
fluid of those around them, which are, at first, pushed further out by the two central 
cells, and subsequently disappear by liquefaction. The contents of the germinal 
vesicle thus enter into the formation of the two cells. The membrane of the germinal 
vesicle then disappears by liquefaction.” 

The further changes which Dr. Barry has found the essential parts of the ovum to 
undergo, up to the formation of the embryo, are as follows:—Each of the twin cells 

* Researches in Embryology, second series, Philos. Transact, 1839, pt. ii. pp. 312 to 316. 

t Researches in Embryology, third series, read at the Royal Society, May 7, 1840; see 
London and Edinb. Phil. Mag. June, 1840, and Phil. Transact. 1840, pt. ii. p. 529. 
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gives origin to two others, making four: each of these four in turn gives origin to two, 
by which the nunil)er is increased to eight; and this mode of augmentation continues 
until the germ consists of a mulherry-like object, the cells of which are so numerons 
as not to admit of being counted. Together with a doubling of the number of the 
cells, there occurs a diminution of their size. Every cell, whatever its minuteness, is 
found filled with the foundations of new cells into which its nucleus has been resolved. 
These foundations of new cells are arranged in concentric layers around a pellucid 
point. Each cell in fact exhibits the same process of cellular development as the 
original parent cell—the germinal vesicle. The foregoing changes usually take place 
in the ovum during its passage through the Fallopian tube. When it has entered the 
uterus, a layer of cells of the same kind as those forming the mulberry-like body makes 
its appearance on the whole of the inner surface of the membrane which invests the 
yolk. The mulberry-like structure then passes from the centre of the yolk to a certain 
part of that layer; the vesicles of the latter coalesce with those of the former, where 
the two sets are in contact, to form a membrane—the future amnion; and the interior 
of the rnulberry-like structure is now seen to be occupied by a large vesicle contain¬ 
ing a fluid and dark granules. In the centre of the fluid of this vesicle is a spherical 
body, composed of a substance having a finely granular appearance, and containing a 
cavity filled with a colourless and pellucid fluid. This hollow spherical body seems 
to be the true germ. The vesicle containing it disappears, and in its place is seen an 
elliptical depression filled with a pellucid fluid. In the centre of this depression 
(which appears to correspond to the area pellucida of the bird’s egg) is the germ still 
presenting the appearance of a hollow sphere. 

From the germ the embryo now begins to be formed. The germ separates into a 
central and a peripheral portion, both of which, at first appearing granular, are subse¬ 
quently found to consist of vesicles. The central portion occupies the situation of the 
future brain, and soon presents a pointed process. 7’his process becomes a hollow 
tube, exhibiting an enlargement at its caudal extremity, which indicates the situation 
of the future sinus rhomboidalis. Up to a certain period new layers of vesicles or 
cells come into view in the interior of the central portion of the germ, parts previously 
seen being pushed further out. 

According to Dr. Barry, there is no structure in the mammiferous 
ovum entitled to be denominated the “germinal membrane.” The 
“amnion” is formed, as has already been mentioned, from an epithe¬ 
lium-like layer of cells which lines the investing membrane of the ovum, 
and from the outer cells of the mulberry-like body, which together con¬ 
stitute a layer corresponding to the “lamina serosa” of authors. The 
“vascular lamina” of the umbilical vesicle arises as a hollow process 
originating from the germ and extending beneath the amnion so as to 
include the yolk.* 

The “.yolk-sac” of the mammiferous ovum communicates with the 
intestine of the embryo, at first by a wide opening, and afterwards by 
a duct or hollow pedicle, the “ductus omphalo-mesentericus,” which is 
accompanied by the same vessels as in the bird, the “vasa omphalo- 
juesenterica.” This yolk-sac of Mammalia is commonly called the 
“umbilical vesicle, or vesicula umbilicalis.” According to Von Baer’s 
researches, it has an external vascular layer, and an internal mucous 
layer, from which villous prolongations project into the yolk. These 
villi or folds, which are similar to those found in the yolk-sacs of birds, 
exist likewise in the umbilical vesicle of the human ovum. The “am¬ 
nion” was observed by Von Baer to hold the same relation to the 
abdominal plates of the embryo, as in the bird; and it is doubtless 
developed in the same manner. The “ allantois” also, is developed by 


* This notice of Dr. Barry’s observations is introduced by the translator. 
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the same process as in birds; its formation has been elucidated, more 
especially by the researches of Von Baer and Coste. Its blood-vessels 
are the “vasa uinbilicalia.” 

Before the formation of the urinary bladder, the allantois communicates with the 
common reservoir, into which the excretory ducts of the Wolffian bodies, the ureters, 
and the organs of generation open, which is called the “ sinus urogenitalis.” The 
urinary bladder is developed from the apex of this cavity; and for a certain period it 
is continued into the pedicle of the allantois or the urachus. The amnion passing off 
from the margin of the umbilicus, and forming a bladder-like investment for the 
foetus, encloses, as a sheath, all the parts which issue from the umbilicus; namely, 
the pedicle of the umbilical vesicle or yolk-sac, the vasn omphalo-rneseraica, the 
pedicle of the allantois, and its blood-vessels, the vasa umbilicalia. These parts are 
thus united into a common cord, the “funiculus umbilicalis;” and the sheath of this 
cord the “vagina funiculi umbilicalis,” is consequently formed by the amnion. 
Through the medium of the vessels of the allantois, the vascular system of the foetus 
reaches the “ chorion,” in the substance of which, and in its villi, the allantoid or 
umbilical vessels ramify. 

Wliile the ovum is undergoing the first changes of development in 
the uterus, it lies quite free in the cavity of that organ. But subse¬ 
quently an exudation is poured out upon the inner surface of the uterus 
which is composed of cells, and constitutes the thin “ membrana de¬ 
cidua” of the rnammiferons ovum. IntoUhis membranous uterine pro¬ 
duction, which is especially distinct in carnivorous animals, [Bojaniis, 
loc. cit.) the villi, growing from the chorion of the ovum, become inserted. 
At a still later period, the ovum enters into another kind of union with 
the uterus, by means of the placenta, the structure of which will be 
described hereafter. 

2. Development of the hnman ovum .—The human ovum, in all 
probability, does not reach the uterus before the lapse of a week after 
impregnation. On the eighth day. Von Baer could detect no ovum 
either in the uterus or in the Fallopian tube. Home and Bauer state, 
that they found an ovum on the seventh day; but some doubt attaches 
to their observation. The ovum observed by E. H. and E. Weber was 
of the date of a week after impregnation. The earliest ova examined 
by Velpeau, belonged to a period between the tenth and twelfth days; 
they were already beset with villi, but presented no embryo. In an 
ovum of fourteen days Von Baer saw the embryo. 

Before the ovum reaches the uterus, the formation of a new structure, 
the “ membrana’decidua,” upon the inner surfiice of that organ, and 
corresponding, therefore, to its inner surface in form, has commenced. 
Ed. Weber observed it on the seventh day after coitus had taken place. 
It then resembled a layer of lymph, effused from the inner surface of 
the uterus, upon and between the enlarged vascular villi of that surface.^ 
This membrane exists in animals also; but in a less highly developed 
form. It is sometimes formed in the uterus of the human female, in 
cases of extra-uterine foetation, though not always; and in a case of 
development of the ovum in the Fallopian tube, the membrana decidua 
has been observed both in the uterus and in the tube. The membrana 
decidua is^composed of a whitish grey, moist, and soft mass, similar to 
coagulated fibrin, and entirely formed of nucleated cells.t The vessels 

* Disq. Anat. uteri et ovariorum piiella?, vii. a conceplione die defunetje. 

f See a notice, by the Author, on the cellular structure of the decidua in Schwann’s 
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of the uterus are prolonged into this product. The thickness of the 
membrane sometimes equals from one to three lines. Its outer surface 
is intimately connected with the uterus, and when artificially detached, 
or separated spontaneously, is rough, while its inner surface is smooth. 
The relation which the decidua bears to the openings of the uterus is 
not always the same; it is sometimes closed at the lower orifices of the 
Fallopian tubes, and at the upper entrance of the cervix uteri; some¬ 
times it is open at all these points or at one or other of them. R. Wagner 
[Meckel’s Jirchiv. 1830, and Physiologic^ p. 114-117,) is quite correct 
in stating that all these varieties may occur. The cervix uteri is occu¬ 
pied by a mere gelatinous mucus. 

When the ovum enters the uterus, it becomes imbedded in the structure of the 
decidua which is yet quite soft. The earliest ova which have been observed in 
connection with the decidua, were not contained free in its cavity, but appeared 
to be implanted in it or pressed into it from witliout; the decidua, at the point of 
entrance of the ovum, being protruded inwards, and the ovum contained in a hollow 
of its external surface. (See Bock, de Membrand decidua. Bonnae, 1831.) During the 
further growth of the ovum, the decidua becomes more and more inverted at this point, 
the inverted part being received into the cavity of the rest of the membrane. This 
inverted portion is called the decidua reflexa, while the other part of the membrane is 
called the decidua vera. The decidua vera and the decidua reflexa have the same 
structure, which differs totally from that of the mucous membrane of the uterus. They 
are, in fact, new products. It must not be imagined that the process by which the 
decidua reflexa is formed, is a mechanical one, that the ovum, as it enters the uterus, 
pushes the membrane before it; for, like all processes of the same kind, which occur 
in the animal organism, this one is effected by the vital vegetative action exerted in a 
determinate direction. The cavity of the decidua between the decidua vera and the 
decidua reflexa, contains an albuminous fluid, the “hydroperione” of Breschet. At the 
part where the uterine expansion of the decidua is interrupted by the reflexion inwards 
of the decidua reflexa, and where the ovum entered, the place of the former membrane 
is supplied by another mass similar to it, and connected at its margins with it, the 
“decidua serotina.” When young ova are examined in the uterus both the decidua 
vera and the decidua reflexa are generally found; but in aborted ova this is seldom the 
case, a part of the decidua being most frequently retained in the uterus. As the ovum 
increases in size, the decidua vera and the decidua reflexa gradually come into contact, 
and in the third month of pregnancy the cavity between them has quite disappeared. 
Henceforth it is very difficult, or even quite impossible to distinguish the two layers. 
During the further growth of the ovum the decidua becomes still thinner, but is not 
entirely lost. At birth a part of it remains behind in the uterus, while a part comes 
away, forming a thin membranous covering of the ovum.* 

The first connection which subsists between the ovum and the de¬ 
cidua, consists in the ramified villi of the chorion becoming imbedded 
in the hollow canals which traverse the decidua. The villi extend 
through these canals in the manner of roots, and thus draw nourish¬ 
ment from a maternal structure without having any organic connection 
therewith. 

According to the recent researches of E. H. Weber communicated to 
me in manuscript, the decidua is composed in greater part of the tubular 
follicles, which lie very closely arranged at the inner surface of the 
uterus, and of numerous blood-vessels ramifying upon, and between 
them. In animals, the long tubular follicles, here and there bifurcated, 
lie in the substance of the uterus itself, and open upon its inner surface 

paper, in Froriep’s Notiz. 1838. No. 112, p. 22. See also R. Wagner, Physlologie, 
p. 114, and Icon Physiol. Tab. xi. fig. 5 and 6. 

* Respecting tlie decidua of the mature ovum, consult Bischoff, Beitrage zur Lehre von 
den Eihilllen des menschliclien J'otiis. Bonn, 1834. 
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by numerous orifices.* In the human subject they form the decidua.t 
When the inner surface of the decidua is examined, numerous filaments 
can be seen in its substance, tolerably regularly disposed, and directed 
towards the surface. These filaments, resemble closely set villi, except 
that they do not lie free; the interspaces between them being filled with 
the substance of the decidua. If the cut surface of a divided uterus is 
examined in the bright sunlight, with a lens, these supposed villi are 
seen to be long and thin cylindrical tubuli, whicli become somewhat 
narrowed where they reach the free surface of the decidua, while at the 
attached or uterine surface of that membrane they become wider, are 
much convoluted, and appear to commence by closed extremities. If 
the substance of a pregnant uterus is compressed, a thick whitish fluid 
exudes upon the surface of the decidua, similar to the secretion which 
may be expressed from the uterine glands of animals. The decidua 
presents at its inner surfaces numerous orifices, which have been long 
known, and which appear to be the mouths by which two or more of 
the tubuli open. Besides these, however, there must be many orifices 
of single tubuli which are not visible. The tubuli are almost a quarter 
of an inch in length, and here and there bifurcate; the branches being 
as wide as the trunk of the follicle. This character completely distin¬ 
guishes them from the blood-vessels which run in contact with them; 
for the blood-vessels form a net-work or loops, or at all events ramify, 
diminishing in diameter at each division. The diameter of the follicles 
is about tV of a Paris line; that of the capillaries xii of a Paris line.:}; 

Connection of the foetus with the uterus in Mammalia and Man.% 

The ovum appears to have a firm connection with the uterus in all 
Mammalia, with the exception of the Marsupialia and Monoiremata. 
The means of attachment are always either vascular villi or folds of the 
chorion, and the chorion receives its blood-vessels from thevasa umbili- 
calia of the foetus, which are distributed upon the allantois, and by it are 
conducted to the chorion. The villi are sometimes distributed over the 
whole surface of the chorion, as in the Hog family, the Solidungula, the 
Camel family, and the Cetacea; sometimes they form a zone around the 
ovum, as in Carnivora; at other times they are collected into several 
masses scattered over the chorion, the cotyledons, as in most Rumi- 
nantia; and lastly, in man and some other animals they form a single 
placenta upon one side of the chorion. The double placenta sometimes 

* See E. H. Weber, in his Edition of Hildebrandt’s Anatom. Bd. iv. p. 505. 
Burckhardt, Obs. Anat. de uteri vaccini fabrica. Basil. 1834. E. H. Weber, Annot, 
Anat. 186. 

f Engraved representations of the Decidua will be found in Dr. Hunter’s Gravid 
Uterus, Plates 33 and 34; in Velpeau’s Embryologie, Paris, 1833; in Seiller’s Gebar- 
mutter und das El des Menschen in den ersten Schwangerschaftsmonaten. Dresden, 
1832; in Kilian’s Geluirtshiilfl. Atlas. Tab. xxiv.; and in C. Mayer’s leones Selectae. 
Bond, 1831, Tab. v. Figs. 6, 7, and 8. 

Dr. Sharpey has been for some time engaged in investigating the structure and 
functions of the membrana decidua and the uterine glands. 

§ Writings on the subject. Von Baer, Untersuchungen fiber die Gefassverbindung 
zwischen Mutter and Frucht in den Saugethieren. Leipz. 1828. E. H. Weber in 
Hildebrandl’s Anatomic, Bd. iv. p. 496, in Froriep’s Notiz. 1835, Bd. 46, p. 90. and 
in Wagner’s Physiologic, p. 124. Eschricht, de organis, quae respiration! et nutritioni 
feetus animalium inserviunt. Hafniae. 1837. 
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observed in the Rodentia approaches closely to the last form. Cor¬ 
responding to the vascular villi of the foetal chorion and placenta there 
are depressions upon the inner surface of the uterus in which the villi 
are imbedded like roots in the soil. When the villi are aggregated to¬ 
gether at particular points of the chorion so as to form cotyledons, the 
uterus has at corresponding points maternal cotyledons,—projecting 
cup-like bodies, pierced by innumerable tubular cavities, which receive 
the villi of the foetal cotyledons. In the human subject the placenta 
uterina is a growth of the decidua uterina, which at the part correspond¬ 
ing to the foetal placenta undergoes an excessive development, and pene¬ 
trates the substance of the foetal placenta, passing between the tufts of 
villi even as far as the chorion. In all cases, whether the villi are scat¬ 
tered over a wide surface, or aggregated into masses, the object attained 
is a great increase of the surface of contact between the chorion and the 
uterus. Two principal modifications of the form in which this increase 
of surface is given are to be observed, namely, the development of ' 
ramified villi imbedded in the uterus, and the formation of folds on both 
chorion and uterus, which are interposed between each other. 

The Placenta .—The human placenta is throughout composed of two elements, the 
parts of the placenta foetalis and those of the placenta uterina intermingled. The 
foetal |)lacenta consists entirely of dense tufts of branched vascular villi, whilst the 
uterine placenta is formed of the substance of the decidua, which penetrates between 
the villi of the foetal placenta even to the surface of the chorion, and completely en¬ 
closes them. The exact relation which the two parts bear to each other is, however, 
according to Professor E. H. Weber, very different in man and in Mammalia. In 
Mammalia the vascular villi of the foetus are received into the vascular sheaths of the 
uterine placenta, so that the capillaries of the foetal and those of the maternal system 
come into contact with each other, and suffer an interchange of the matters which they 
contain. In the human subject, on the contrary, the vascular villi of the foetus dip into 
wide blood-vessels, which arise from the uterine system, and which permeate the 
whole uterine portion of the placenta; the looped capillaries of the foetus being thus 
surrounded and bathed, as it were, in the maternal blood. The ends of the villi are 
formed by the inosculating loops of the minute arteries and veins of the foetus; which, 
however, have the distinguishing character that the same vessel makes several turns 
from one loop into another before it enters the nearest venous trunk. The vessels 
belonging to the maternal system, which penetrate the uterine portion of the decidua 
and in all parts contain villi of the foetal portion, may be readily filled with injection 
from the arteries of the uterus. Eschricht inclines to the opinion, that in man as in 
Mammalia, only the capillaries of the decidua come into contact with the looped ves¬ 
sels of the villi. Weber, on the contrary, maintains that the uterine arteries and veins 
on entering the spongy substance of the placenta, no longer ramify and give off 
branches and twigs, but take the form of a net-work, the canals of which are much 
larger than the ordinary capillaries. The extremely thin parietes of these canals, 
according to Weber, apply themselves to all the branches and capillary loops of the 
vessels which form the foetal villi, so that even here the structure consists essentially 
in two sets of vessels being brought into the closest possible contact.* The recent 
observations of Dr. J. Reid (Edinb. Med. and Surg. Journ. No. 146,) agree in the 
most important points with those of Weber, but yet differ from them in some particu¬ 
lars. According to Dr. Reid, the blood sent from the mother to the placenta is poured 
by the curling arteries of the uterus “into a large sac formed by the inner coat of the 
vascular system of the mother; which is intersected in many thousand different direc¬ 
tions by the placental tufts projecting into it like fringes, and pushing its thin wall 
before them in the form of sheaths, which closely envelope both the trunk and each 
individual branch composing these trunks. From this sac the maternal blood is 

* See (he aecount of Weber’s more recent researches in connection with this subject in 
Wagner’s Physiologic, p. 124. 
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returned by the utero-placental veins without having been extravasated, or without 
having left her own system of vessels.” The uterine vessels, according to Dr. Reid, 
do not form a network in the substance of the placenta as described by Weber. 
Further, Dr. Reid has observed, that the tufts of the placental vessels are prolonged 
into some of the uterine sinuses, a fact not noticed by Weber. Dr. Reid states also, 
that in the placental tufts each branch of the umbilical artery is bound up with a branch 
of one of the umbilical veins, and that both of them divide and subdivide exactly in 
the same manner, and terminate by inosculation with each other at the blunt extremi¬ 
ties of the branched tufts. It appears, however, that this description of the structure 
of the placental tufts is erroneous. In a paper on the structure of the placenta, recently 
sent in to the Royal Medico-chirurgical Society by Mr. Dalrymple, most satisfactory 
confirmation is given to Weber’s account of the mode of termination of the fiBtal ves¬ 
sels in the placental tufts. Several drawings, made by Mr. Dalrymple before he had 
seen the figures given by Weber in Wagner’s leones, bear the most remarkable 
resemblance to those figures. The minute arteries and veins are not bound up toge¬ 
ther, two and two; but the same capillary tube, arising from an arterial trunk, makes 
several convolutions and forms several loops before it terminates in a vein. 

In the human subject, as in Mammalia, there is no passage of blood 
from the vessels of the mother into those of the foetus, and vice versd. 
When the placenta is injected from the vessels of the mother, as can be 
readily done, only the vessels of the maternal portion of the placenta 
are filled. And, on the other hand, the passage of injected matters 
from the umbilical arteries, or vein, of the feetus into the vessels of the 
uterus, by no means proves the existence of a communication between 
the two sets of vessels; for the injected mass becoming extravasated 
from the vascular loops of the foetal placenta, must pass directly into 
maternal vessels, and if forced onwards necessarily fills the veins of the 
uterus. 

The placenta foetalis and the placenta uterina can be separated in 
some animals with great ease, and without injury to either; but in 
other animals and man they cannot be detached from each other with¬ 
out laceration. Von Baer remarks that the foetal cotyledons of the 
Ruminantia, when they are only slightly developed, adhere so firmly 
to the maternal cotyledons which form sheaths for the villi, that it is 
impossible in their fresh slate to withdraw them uninjured. But after 
a short period has elapsed they are easily separable, and then, accord¬ 
ing to Von Baer, there is always found between the embryonic and the 
maternal part of the cotyledon a mass of thickish consistence, the origin 
of which is a matter of doubt. It may be derived either from the 
sheaths of the maternal cotyledon, or from the villi of the foetal cotyle¬ 
don, or from bo'th. It has probably formed a layer of active organic 
cells, which played an important part between the two systems of ves¬ 
sels. When the cotyledons of the ruminants separate at the time of 
birth, the vascular tufts of the villi remain uninjured. The Mammalia 
present great varieties in the process of the separation of the placenta. 
E. H. Weber divides these varieties into two classes. To the first class 
belong those cases in which the two placentae (the foetal and the ute¬ 
rine) are so loosely connected that they sepamte without either receiv¬ 
ing any injury. The uterus here suffers no lesion, and the uterine 
placentoe remain after birth, and merely diminish in size: this is the 
process in the ruminants, horses, and hogs. The second class includes 
those instances where the two portions of the placentae are so inti¬ 
mately united that the uterine portion is torn away, together with the 
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foBtal portion, at the time of birth. Here the uterus receives a wound, 
and the placenta? are deciduous organs, which must be renewed at 
each gestation. Tliis class is exemplified in man, the Carnivora and 
the Rodentia. {See Froriep^s Notiz. 46 Bd. p. 90. Compare Eschricht, 
loc. clt.) 

Nutrition of the —There is a period in the growth of the 

ovum' which precedes the development of blood-vessels. Since the 
chorion and its villi are composed of nucleated cells, similar to those 
which are the active agents in the growth and vegetative changes of 
the primitive structures of the embryo, previous to the formation of 
vessels and the circulation of blood, the growth of the villi of the 
chorion long before the development of the blood-vessels is an intelli¬ 
gible phenomenon. These villi then attract matters from the surround¬ 
ing fluids, and, like the cellular structures of plants, convey them 
onwards, transmitting them from one cell to another, until they accu¬ 
mulate in the interior of the ovum. This is the essential process in all 
organic absorption, even when blood-vessels and lymphatics exist; for 
even in the intestines the vascular villi are invested by a sheath formed 
of nucleated cells, which exert the same action as the cortical cells of 
the spongiola of the roots in plants. When the blood-vessels of the 
embryo have reached the chorion and its villi, these blood-vessels 
which have been developed from cells, and participate in the active 
properties of cells, absorb the nutriment. The nutritive matters thus 
absorbed are supplied either by the blood of the mother in which the 
villi float, as in the human placenta, or as in Mammalia by the white 
secretion of the uterine glands. The absorbed nutriment enters directly 
into the blood of the foetus. The process thus maintained between the 
foetal and the maternal blood supplies the process of respiration to the 
foetus, or an equivalent for that process. 

There is no other mode of nutrition to which great importance can 
be ascribed. It is true, the amnion may, by the organic action of its 
cells, absorb fluids from the chorion, and deposit nutriment in the form 
of a small quantity of albumen in the liquor amnli. The liquor amnii 
enters the mouth of the fcetus, and certainly reaches the intestinal 
canal as well as the trachea. For in the stomach of the foetus of the 
human subject, as well as of mamrniferous animals, there have been 
found hairs derived from the lanugo or first hair of the foetus, which 
falls out and becomes mixed with the liquor amnii. But this mode of 
nutrition by means of the liquor amnii can at most be of very trifling 
and very inadequate amount. ^ ^ ^ ^ ^ 5" 
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OF BIRTH AND THE CHANGES OP DEVELOPMENT WHICH TAKE PLACE 

AFTER BIRTH. 

CHAPTER I. 

Of Birth. 

a. The process of birth .— In nine solar or ten lunar months the de- 
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velopment of the human embryo is completed. During this period the 
uterus serves as the medium of communication between the maternal 
system and the foetus, and itself undergoes an increase of substance, by 
the constant development of new muscular fibres of organic life. These 
muscular fibres are developed by the same process as that by which 
muscles are originally formed in the embryo; hence at this period all 
the stages in the development of this tissue may be observed simulta¬ 
neously in the uterus.* The muscular power of the uterus, however, 
remains in a latent state. When the process of development is com¬ 
plete, the child becomes independent of the maternal system, and is as 
it were a foreign body in the uterus, which reacts against it by muscular 
contractions. These contractions of the uterus are the' cause of birth. 
Similar contractions of the uterus, however, occur even when the foetus 
is not contained in its cavity, (in graviditas extra-uterina,) at the time 
of the interruption of the physiological connection between the mother 
and the child. The contractions of the uterus being attended with the 
violent compression of living structures, are generally productive of 
pain, and hence are called “pains.’’ They recur at regular periods, but 
even in the intervals of the “pains” the uterus is not relaxed but con¬ 
tinues to embrace its contents. After birth the contractions of the uterus 
are still repeated for a certain length of time, and are then called “after- 
pains.” In women who have died before giving birth to their child, 
contractions of the uterus have frequently taken place after death, and 
have caused the expulsion of the foetus when the mother has been no 
longer living. The uterine contractions appear to commence at the os 
uteri, to be propagated towards the fundus, and again to return thence 
towards the mouth of the uterus. By this succession of muscular con¬ 
tractions the foetus is first raised and then propelled downwards towards 
the os uteri, when the lips or sphincter of the latter part become thinned 
and dilated. These movements, like those for the expulsion of the 
urine or faeces, when energetic, are aided by the muscles of the abdomi¬ 
nal parietes and the diaphragm, which diminish the cavity of the abdo¬ 
minal capacity from above, from the front, and from the sides. The 
action of these voluntary muscles under these circumstances is involun¬ 
tary and regulated by the law of the consentaneous movements as well 
as by that of the reflected movements; for the uterus is the seat both of 
violent movements and of intense impressions on sensitive, or centripetal 
nerves. At the same time many of the muscles of the trunk exhibit a 
tendency to consentaneous eflbrt; the extremities seek points of resist¬ 
ance; the breath is held; and the arms seize anything which is capable 
of giving support during the contraction of the abdominal cavity. In 
the last month of pregnancy the uterus sinks lower in the pelvis. 
Towards the termination of the period of utero-gestation, also, the posi¬ 
tion of the foetus is such that its long axis corresponds to the long axis 
of the uterus, and that some part, generally the head, applies itself to 

* Not less remarkable is the development which the nerves of the uterus undergo 
during pregnancy. These nerves have been dissected with great labour both in the 
impregnated and in the unimpregnated uterus by Dr. R. Lee, and will be described by 
him in the forthcoming volume of the Philosophical Transactions.— Translator. 
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the OS Uteri or “presents” itself. The knees of the child are drawn up, 
the arms folded across the breast, and the head pressed down towards 
the sternum. In the process of birth the part of the child, passing 
through the pelvis, adapt their longest diameter to the longest diameter 
of each region of'that cavity, and hence they make a spiral turn. In 
the most frequent cases, those in which the head presents, the process 
is generally as follows. The antero-posterior diameter of the inlet of 
the pelvis will not allow the passage either of the greatest (antero¬ 
posterior) diameter of the head or of the breadth of the hips of the 
child, but the head of the child can pass with its long diameter either in 
the transverse or in the diagonal or oblique diameter of the pelvis. Birth 
begins by the long diameter of the head of the child being placed in the 
oblique diameter of the inlet of the pelvis. As the successive pains 
cause the head to descend lower, its long diameter comes to correspond 
with the antero-posterior diameter of the cavity of the pelvis, so that in 
the most common variety of head presentations the vertex and occiput 
are now placed under the pubes, while the face looks towards the hol¬ 
low of the sacrum. In consequence of the curvature of the canal of the 
pelvis, the part of the child which descends along the anterior wall of 
the cavity travels through a very small space, while the part descending 
along the posterior wall describes a large arc of a circle. 

The process of birth is usually divided into several stages. The first comprehends 
the period extending from the commencement of the “ pains” to the opening of the os 
uteri; the second reaches to the rupture of the membranes of the ovum. This takes 
place when, the os uteri having opened, a part of the membranes containing the liquor 
amnii are protruded through it in the form of a pouch; this pouch bursts and the 
“ waters” escape. The third stage extends from the rupture of the membranes to the 
presentation of the head at the outlet of the pelvis. During this stage the head de¬ 
scends through the dilated os uteri into the vagina. In the fourth stage the occiput 
escapes from the external parts of generation, whereupon the other parts of the child 
follow, the shoulders entering the pelvis in the oblique diameter of its inlet, and leaving 
it in the antero-posterior diameter of its cavity. During the last stage of birth, the 
“ after-birth,” consisting of the placenta and the membranes of the ovum, is expelled. 
For after the birth of the child the contractions of the uterus continue; and in conse¬ 
quence of the part to which the placenta was attached becoming very much contracted, 
that organ is separated, an etfusion of blood taking place from the torn vessels. The 
separation and expulsion of the placenta occur in from half an hour to an hour after the 
birth of the child; so that all the stages of delivery are completed in the space of six 
or twelve hours. When the after-birth is expelled, the uterus contracts still more 
closely.* 

In animals the process of birth is in general attended with less difficulty than in the 
human species, both on account of the wedge-like form of the head of the foetus, which 
is preceded in its passage through the pelvis by the fore-feet, and on account of the 
greater mobility of the os coccygis.f In the vampires the birth of the young is facili¬ 
tated by the pubic bones not being united in the middle line in these animals, and in 
Cavia aperea and other animals by the symphysis pubis being capable of dilatation. 

h. The rnother and child after birth .—The child breathes immedi¬ 
ately, and cries as soon as its respiratory organs are relieved from the 

* See F. C. Naegele, Ueber den Mechanismus der Geburt, in Meckel’s Archiv. t. 
V. 1819, p. 483. Hneter, im Encyclopaed. Wdrterb. d. Med. Wiss. xiv. p. 44. Those 
readers who desire more full information respecting the process of birth and its varia¬ 
tions, should consult the above treatises and special works on midwifery,—such as 
those of Carus, Stein, Ilusch, Kilian, Ritgen, and H. F. Naegele. 

I See Stein, Unterschied zwischen Mensch und Thier im Gebaren. Bonn, 1820. 
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pressure to which they were subjected during birth. The umbilical 
cord is tied and divided by the persons assisting at the labour. In 
brutes the umbilical cord generally becomes ruptured spontaneously 
during birth at a soft spot not far distant from the navel; in some cases 
it is bitten asunder by the mother. The umbilical vessels soon contract, 
so that their cavity is quite obliterated. During the first two or three 
weeks after birth, also, the foramen ovale in the septum auriculorum, 
and the ductus arteriosus Botalli become closed; and hence from this 
period all the blood sent to the body must pass through the lungs, and 
vice versd; the pulmonary circulation now becoming a part of the 
general circuit which the whole mass of blood performs, whilst before 
merely a fraction of the blood in the general circulation traversed the 
lungs. 

The newborn mammiferous animals instinctively seek the teats of 
the mother, and the newborn child also exhibits a constant impulse to 
suck every object which is offered to it. 

In the maternal organism, during the first days of the puerperal state, 
the secretion of milk, which had shown itself in a slight degree during 
pregnancy, becomes suddenly increased, and the organic activity which 
was previously expended in the uterus is now transferred to the breasts; 
while all the maternal feelings at first expressed in the mother’s joy at 
the birth of her living but helpless offspring, are concentrated in the 
fond office of nourishing and protecting the child. A bloody discharge 
in moderate quantity, the “ lochia,” flows from the female organs during 
some days after birth, and then is succeeded by a serous discharge which 
gradually, as the inner surface of the uterus regains its state of integrity, 
becomes a mere mucous secretion. The secretion of milk is excited in 
increased quantity by the mechanical irritation of the nipples during the 
act of sucking, and by all ideas of the mother relating to the nourishing 
and presence of the child. When once in existence, this secretion may 
often be maintained for a very long and indefinite period, as is observed 
in brutes, and sometimes also in the human female. Usually, however, 
it diminishes in quantity when the menstrual flux reappears about the 
ninth month. In women who do not suckle their children, the men¬ 
strual flux is generally restored at an earlier period, about the sixth 
week after birth. 

The milk of pregnant women, and of puerperal women, immediately after birth, is 
called the “colostrum.” According to the observations of M. Donne, it contains, be¬ 
sides the ordinary milk or fat globules, peculiar granulated corpuscules which may be 
detected in it until about the twentieth day after birth. The proper milk globules 
which give the milk its white colour consist principally of fatty matter; but they 
seem to be invested by a layer of some other substance, since they are not very readily 
dissolved by alcohol and ether. When milk is left at rest, the fat globules collect, 
for the most part, at the surface of the fluid and form the cream, which consists of the 
fat of milk or butter. When milk is subjected to continued agitation, the fat globules 
coalesce and form butter; and when this is removed, merely the fluid part of the milk 
remains. This fluid holds in solution the other components of milk,—namely the 
casein, the sugar of milk, and the salts. The fatty matter of milk is one of those 
fats which are destitute of nitrogen, and convertible into soap. 

The casein is soluble both in warm and in cold water, and is not coagulated by 
boiling. It is precipitated by alcohol, corrosive sublimate, alum, and acetate of lead; 
the precipitate in every case being redissolved by water after the reagent has been re- 
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moved by ^vashing. Acids in small quantities precipitate the casein; but when added 
in excess, they redissolve the precipitate. Pepsin and the rennet containing it exert 
a peculiar action on casein; they precipitate it and at the same time render it insoluble 
in water. The ferro-cyanuret of potassium renders the solution of casein in acids 
turbid, or precipitates the casein. In respect of its elementary composition, casein, 
and consequently milk, are to be ranked amongst the nutritive substances which 
abound in nitrogen. According to Mulder’s analysis, it contains, in addition to a 
small proportion of sulphur (namely 0.41)— 

Carbon.5.'5.10 

Hydrogen . . . 6.97 

Nitrogen ..... 15.95 

Oxygen.21.62 

Both the other principal ingredients of milk, the fatty matter, and the sugar of milk, 
are destitute of nitrogen. After the separation of the butter and the casein from milk, 
the sugar remains in solution. The sugar of milk crystallizes readily: when pure it 
is not susceptible of fermentation: but, under the inthience of the azotised casein, it 
appears to become changed into sugar of mucus. The composition of the sugar of 
milk, according to the analyses of Gay-Lusaac, Thenard, Prout, and Berzelius, is as 
follows:— 

Carbon ..... 40.46 
Hydrogen .... 6.60 

Oxygen ..... 52.93 

Fresh milk of the human female is slightly alkaline; cow’s milk, even when fresh, is 
sometimes feebly acid; but, w'hen allowed to stand for somj time, and especially when 
the atmosphere is in a state of electric tension, all milk becomes acid owing to the 
transformation of some of its components, probably of the sugar. 'I'he acid of sour 
milk is lactic acid. 

The milk of different animals is not identical in all respects. Simon found that the 
casein of the milk of the human female was not precipitated by acids. This was 

f irobably owing to the small quantity of the casein contained in the milk, and the 
arge quantity of acid added. For a diluted solution of casein is not precipitated except 
by the smallest quantity of acid. A slight excess of acid redissolves the casein. 

The milk of the human female is, according to Payen, of the following composi¬ 
tion:— 

Batter ..5.18 . 5.1 G or 5.20 

Casein . .... 0.24 . 0.18 or 0.25 

Solid residue of the evaporated fluid of the milk . 7.86 . 7.62 or 7.93 

Water . ..... 85.80 . 86.00 or 85.50 

Cow’s milk, from which the cream had been removed, was found by Berzelius to 


contain:— 

Of casein, with a portion of the fatty matter . • . 2.600 

Sugar of milk ....... 3.500 

Alcoholic extract, lactic acid and its salts .... 0.600 

Chloride of potassium . . . . . . 0.170 

Alkaline phosphate ....... 0.025 

Phosphate of lime, free lime combined with caseine, magnesia, and 

traces of oxyde of iron ...... 0.230 

Water.. 92.875 


The specific weight of human milk, is from 1.020 to 1.025; that of cow’s milk, 

1.03.* 

* See Donne, Du lait et en partienlier de celui des Nourrices. Paris, 1837. Mailer’s 
Archiv. 1839, p. 182. Henlc, Froriep’s Notiz. 1839, p. 223. Simon, die Fraucnmilcli. Berl. 
1838. Marchand in Encyclop. WOrtorb. d. Med. Wissensch. 23 Bd. p. 309. 
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CHAPTER 11. 

OF THE DIFFERENT AGES OR PERIODS OF LIFE. 

Processes of development continue to be in operation after birth 
through a great part of life, although they are of a less important 
nature than those perfected in the foetal state. It is only in a few classes 
and orders of animals which undergo metamorphoses, (as the Insecta, 
some Crustacea, the Cirrhopoda, the Hydracliinda amongst spiders, and 
the Amphibia amongst Vertebrate classes), that fundamental changes 
of form, and the new development of organs and groups of organs, are 
observed after the termination of embryonic life. The changes of de- * 
velopment which occur in the higher animals and man after birth are 
limited to certain modifications of form, &c., which mark the different 
ages or period of life. Adopting that division of the life of a human 
being which is defined by the most remarkable processes of develop¬ 
ment or by their completion, we may distinguish the following ages or 
periods of life, 

1. The period of embryonic life .—During this period the processes 
of formation and growth are in their greatest activity. The organs 
which are being formed present none of their functional phenomena, or 
only the gradual commencement of them. In the Amphibia there is 
no distinction of sex during embryonic life; in fact, the organs of 
generation are not formed. These organs are developed in the larva a 
considerable time after its escape from the ovum. In the rest of the 
Vertebrata, however, the distinguishing marks of the sexes become ma¬ 
nifest during embryonic life. The causes which determine the sex of the 
embryo are unknown, although it appears that the relative age of the 
parents has some influence over the sex of the offspring.* In animals 
which bring forth many young at a birth, one act of coitus produces 
both males and females, and in those animals in which the impreg¬ 
nation of the ova is effected out of the body, the same seminal fluid 
fecundates ova which yield young of both sexes. But how different 
soever the proportion of the sexes in different families, in larger num¬ 
bers they always bear an equal proportion. The law which effects 
this equalisation of the numbers of the sexes is in operation in each 
individual of the species. The equalisation of particular deviations 
from the general proportion is the result of an original provision, just 
as is the balance of the gain and loss, or of the “even” and “odd” in 
lotteries or any game of chance which is governed by a general law. 

2. The period of immaturity .—This period extends from birth to 
puberty. It is marked by growth, by the development of the forms of 
the different parts of the body, and by the gradual perception and ana¬ 
lysis, by the mind, of the different phenomena of the senses. Several 

♦ See Girou de Bouzareingues, Ann. d. Sc. Nat. t. xi. pp. 115, 314; t. xiii. p. 134i 
Hofacker, De qualitat. parent, in sobol. transeunt. Diss. prses. Tubing. 1827; arid 
Heusinger, Zeitschrift fiir org. Physiol, t. ii. p. 446. 
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local phases of development occur in this period; for example, in the 
human subject the first irruption of the teeth, beginning about the 
middle of the first year after birth, and the displacement of the tem¬ 
porary teeth by the permanent set, which commences in the sixth year. 
The changes of development afford a basis for the establishment of a 
period of childhood, extending to the sixth year; and a period of boy¬ 
hood, reaching to the fourteenth or fifteenth year. In the former of 
these periods the necessity for nourishment is greatest, the changes of 
material which the organs suffer is more rapid and greater in degree, 
and the quality of the food is consequently now of the greatest impor¬ 
tance. Hence, in childhood, the organs frequently become affected 
with various defects of material composition, or defects which are 
maintained by improper food being given. Such are the diseases 
called mollities ossiurn, scrofula. When the period of boyhood com¬ 
mences, the mind has acquired the capacity and strength required for 
the accumulation of knowledge and for its own cultivation; the pro¬ 
cess of growth now progresses less rapidly; and the organs of the body 
receive their permanent material composition. This is the age occupied 
by education and mental culture, when the foundation is laid in which 
all the future operations of the mind have their root. 

3. The period of maturity begins at puberty and ends at the period 
when the generative power is lost, which in woman occurs about the 
forty-fifth or fiftieth year. The period of maturity may be subdivided 
into the ages of youth, and manhood or womanhood. While the 
changes of development more especially characterising puberty, and 
already described, take place, the organs of respiration and voice (as 
has been mentioned in the section on the voice) undergo a further de¬ 
velopment, and the external form of the different parts of the body is 
perfected; the features at this period frequently undergoing a very 
rapid change and taking that character which they afterwards retain 
throughout life. The previously boyish countenance now serves to 
express more violent passions; the leading influence of others ceases 
and is no longer tolerated; the tricks of the child are cast off, and the 
errors of the youth who has become independent, who trusts to his 
own experience and feels himself free, begin to manifest themselves. 
The corresponding changes take place earlier and more rapidly in the 
female organism, and hence the girl deserts the games still followed by 
boys of equal age, upon whom she looks down with contempt, though 
when they also have passed the period of puberty she is timid and 
bashful in their presence. In both sexes the imagination is now most 
active; this is the period when the mind is most under the influence of 
a poetical fancy, when it is devoid of envy, avarice, and jealousy, and 
is filled with open disinterested friendship. A boundless field of action 
and meditation is in prospect. The limits to his capabilities of which 
the serious, cold man becomes conscious, are yet unknown. Love is 
the centre of the most noble feelings. The vegetative development, as 
far as it regards the individual, is now complete, and the increase of the 
organic force is applied to the new products of the generative function. 
Those individuals in whom the formative and equalising power was at 
first unstable and the material composition of the organism defective, 
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already manifest an inability to resist the action of external stimuli, 
particularly when these are applied to such important organs as the 
lungs; for the lungs at this period, on account of the increased develop¬ 
ment which they are undergoing, possess an extraordinary degree of 
irritability. Hence when the system has undergone the changes of 
puberty, there frequently appears a predisposition to pulmonary disease, 
which had previously remained latent during the active growth and 
development of the different parts of the body, just as hectic frequently 
ceases during pregnancy. 

While the body continues to grow, the epiphyses of the bones remain 
separated from the diaphyses by sutures; the elongation of the bones 
taking place at these points. When the individual has attained his full 
stature, the epiphyses become united to the diaphyses by ossification. 

In the age of manhood the slim forms of youth frequently give place 
to greater bulkiness and obesity of figure, which manifests a failing in¬ 
fluence of the formative power over the masses of the body. At this 
period of life also the mind has attained its maturity, has laid aside the 
exuberance of the feelings, and is conscious of efforts made, of endea¬ 
vours miscarried, of the limits of its faculties and of the feeling of pos¬ 
session; life has become more tranquil; the views of the individuals 
are more clear and more serious; he still has his passions, but they are 
active in another direction, in the acquisition of possessions and in 
self-defence. 

Within the age of manhood there is no predominant disposition to 
diseases of particular organs. Yet in advanced manhood the morbid 
changes by degrees manifest a preference for those organs which are 
chiefly engaged in impressing chemical changes on the matters sub¬ 
mitted to their influence, for example in the large glandular viscera; 
and the weakened vegetative power is the less able to resist obnoxious 
agencies the more frequently they are excited. It is not the lungs which 
now suffer; after the excitement which they experience in youth those 
organs gradually regain a slate of repose. The organs of the abdomen 
are now especially subject to the abnormal changes; whilst the effects 
of foregone disturbances of the nervous system are more percepti¬ 
ble and more enduring than in youth when the foundation for them 
possibly was laid. The age of manhood is moreover particularly prone 
to mental diseases owing to the intensity of the shocks to which the 
mind at this period of life is subject. 

4. The last great period of life may be designated the period of sterility. It extends 
from the cessation of the fruitful exercise of the generative function to extreme old age. 
The form of the body now loses its plumpness and “ turgor.’’ The growth of the hair 
which began on the head, and, subsequently, in the periods of youth and manhood, 
extended to the face, ceases also first on the head and continues to extreme age only 
in the beard. In old age also there is manifested a tendency to the deposition of 
calcareous salts in the cartilages and coats of the blood-vessels. The teeth or their 
remains lose their firm attachment to the jaw-bones, and after they have fallen out, the 
alveoli disappear. Hence the jaw-bones in old age become shortened. In this period 
of life, when all the development is at an end, there is a more or less uniform diminu¬ 
tion in the energy of the different vital functions, while the intensity of the propensi¬ 
ties, inclinations, and sympathies, the acuteness of the senses, the liveliness of the 
fancy, and the spirit of self-defence and resistance fail. Very few individuals reach 
an age in which this diminution of the faculties leads imperceptibly to the close of 
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natural life. In most persons the foundation of premature decay is laid in local causes. 
But even independently of this circumstance the organism in old age, after all the 
processes of development are completed, bears a stronger resemblance to a piece of 
artificial mechanism than does the primary form of being which generates the me¬ 
chanism of the body out of its own mass, and therefore can make good the lesions 
which it may suffer. In old age a slight disturbance produced by an external cause 
is capable of arresting the whole mechanism.* 


CONCLUDING REMARKS ON THE VARIETIES OF MEN AND ANIMALS. 

From this review of the process of development of the individual 
animal organism, we are brought back again to the contemplation of 
the general forms to which the individuals belong as examples of species 
or genera; and thus the conclusion of the “Special Physiology” con¬ 
nects itself with these considerations which were discussed in the “Pro¬ 
legomena on General Physiology.” The races of atiimals and plants 
suffer modifications under the various conditions to which they are ex¬ 
posed in their distribution over the surface of the globe. These modifi¬ 
cations do not exceed the limits marked out by species and genera, but 
they are perpetuated as types of “varieties” of the species through suc¬ 
cessive generations. It is to these phenomena that our attention must 
now be directed. 

It is important in this inquiry to attach definite ideas to the terms 
“species” and “variety.” The species is a living form represented by 
individual beings, which reappears in the product of generation with 
certain invariable characters and is constantly reproduced by the gene¬ 
rative act of similar individuals. The latter character distinguishes the 
species from hybrid forms. It is not an exclusive character of the living 
form which we denominate species, that one form produced by genera¬ 
tion is capable of productive union with another individual: this cha¬ 
racter is inadequate to mark the two individuals thus propagating as 
belonging to one species. For individuals belonging to two different 
species of one genus are likewise in some instances capable of propa¬ 
gating with each other, as in the cases of the dog and wolf, and the 
horse and ass, where mules or hybrids are produced. The type of the 
genus, represented by different species and individuals, is alone inca¬ 
pable of fruitful union with individuals of species belonging to another 
genus. But hybrids, the production of which is rendered infrequent by 
the natural repugnance of the individuals of different species to genera¬ 
tive union, cannot propagate their distinguishing characters by genera¬ 
tion. The sexual union of hybrids is generally unfruitful: and when 
fruitful, as in the case of the union of a hybrid with an individual of 
one of the species which had co-operated to form the hybrid, the pro¬ 
duct relapses into the type of one of the original species. The constant 
reproduction of the same form by the sexual union of similar indi¬ 
viduals is therefore an invariable and essential characteristic of the 
species.t 

“ Varieties” are forms represented by individuals but included within 

* The subject of the different ages of man’s life is treated of very fully in the tliird 
volume of Burdacli’s Physiologic. 

f Consult cn this subject Rudolphi, Beitraige zur Anthropologie und allgemeinen 
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the definition of the species. The individuals constituting one variety 
are capable of fruitful union not only with each other but also with 
individuals belonging to other “varieties” of the same species. Indi¬ 
viduals belonging to different genera are not capable of fruitful union; 
and individuals of different species can propagate with each other, but 
their products cannot reproduce their peculiar form by generation; 
varieties have both these faculties. The mixed race produced by the 
union of two races is capable of propagation by union with similar indi¬ 
viduals; but the union of the mixed race with the original race which 
had concurred in its production yields an offspring which in successive 
generations approaches more and more nearly to the type of the un¬ 
mixed races. These characters sufficiently distinguish the “variety” of 
a species, which, when permanent, is a “race.” The variety may 
however be otherwise defined and distinguished from the species. The 
different species always remain distinct. The races composing them 
present no stages of transition of one species into another. Where dif¬ 
ferent forms of animals exhibit this gradual transition of the one into 
the other, they cannot be regarded by the zoologist as distinct species. 
With the “variety” the case is otherwise. There is a remote possibility 
that the similar productive individuals of one variety of a species, or a 
race, inasmuch as they contain within themselves the essential proper¬ 
ties of the species, might produce all the other varieties of the species, 
provided the internal and external conditions necessary thereto were in 
action during a long series of generations. But there is no remote possi¬ 
bility of one species being produced from another. All the phenomena 
at present observed in the animal kingdom seem to prove that the 
species were originally created distinct and independent of each other. 
While the different varieties of each species may be accounted for by 
supposing the original existence of a pair of individuals of opposite 
sexes belonging to the same species, and the constant action of different 
external modifying agencies, such as that of climate, upon several or 
many successive generations. 

The causes which give rise to the varieties of species are partly 
seated in the organisms of the animals themselves, and partly external 
conditions,—such as the food, the elevation above the sea, and the 
climate. Each species of plants and animals possesses within itself a 
power of variation within a certain limit, quite independently of any 
external influences. To this cause are to be referred the varieties of 
form which may present themselves in the offspring of one act of gene¬ 
ration. In each individual of a species there is an innate capability of 
producing such varieties as these, since each individual of a species does 
not produce by generation the mere repetition of itself, but generates 
the new beings in accordance with laws which regulate the whole 
species. Thus from the same parents there may be produced individuals 
with fair and others with dark hair; some of spare and slender figure, 
and others of plump and stout robust form; individuals of different tem¬ 
peraments, and with different features, eyes, mouth, and nose, with hair 

Natur-geschichte. Berlin, 1812. Prichard, Naturgeschichte des Menschen-geschlechts. 
Leipz. 1840, p. 174. Physical History of Man, London, translated into German by 
Rudolph Wagner; and also the notes of Wagner in the same work, p. 439. 

72 * 



858 


CAUSES WHICH PRODUCE THEM. 


in, some instances curly, and in others straight. The most common 
varieties arising in this way from internal causes, are the fair and the 
dark haired. Fair persons are occasionally met with amongst races for 
the most part characterised by black hair,—for example, amongst the 
Mongolians: and Dr. Prichard adduces several examples of fair-com- 
plexioned negroes who were not albinos. 

It is true that these varieties are chiefly due to the parents being individuals of dif¬ 
ferent complexions, and to the characteristics sometimes of one and sometimes of the 
other being predominant in the offspring. But even when the parents have the same 
complexion, a certain variety of forms and internal properties may present itself in the 
offspring. In consequence of the mingling of these different varieties in marriage, 
their peculiarities are not preserved, and are not propagated as constant fixed types. 
It is easy to conceive the conditions which must be combined in order, independently 
of climate, food, and locality, to convert these accidental varieties into persistent types. 
The longer individuals of the same stock continue to unite in marriage, without foreign 
admixture, the longer will the type to which they belong be preserved. In this way, 
and independently of all external influences, a race will be formed. Sometimes when 
the type has become fixed through a series of generations in the members of a family, 
even the admixture of a foreign type is not sufficient to efface the fixed characters of 
the family, and the foreign element becomes lost in the older fixed type. Hence we 
see in many royal families that in spite of their union by marriage with other houses, 
the type of the family features is in a remarkable way preserved and transmitted from 
generation to generation,—as, for example, in the Bourbon family, and equally in many 

f irincely houses in Germany. It was previously shown how one family, being iso- 
ated by tbe intermarrying of its members exclusively with each other, might produce 
a nation or tribe with general distinguishing characters. History teaches us howr the 
national type once formed is preserved in spite of individual variations through thou¬ 
sands of years, and that, except when modified by admixture with other types, it is 
maintained unchanged, as in the case of the .Tews, even in the most varied climates 
which produce their peculiar modifications of form and complexion. 

The propagation of like with like is, however, capable of perpetuating, not merely 
a physical type forming one of the varieties of a species, but also the faculty which 
individuals acquire by education. The peculiar properties of the hound, the shep¬ 
herd’s dog, and the watch-dog, for example, are all comprehended in the general notion 
of the species; and it is probable that in the brood of a single wild dog, or in the gene¬ 
rations descended from this brood, through the inherent tendency of the species to the 
production of varieties, individuals occur which, when tamed, discover very different 
talents,—the one being more adapted for the chase, another for tending of sheep, and 
a third for keeping watch or guarding property. But the education and rearing of the 
dogs with the requisite endowments for the purposes mentioned, cause the faculties thus 
improved or acquired to be transmitted to succeeding generations, when this object is 
provided for by the pairing of males and females with similar endowments. 

Varieties of species are also produced by external influences; and the longer the 
action of these causes is continued, the more constant does the particular variety 
become, and the more does it acquire the character of a type. To these external 
causes belong the climates or zones in which the animals live. The warmth or cold¬ 
ness of the climate has an especial influence on the fur or hairy coat of animals. 
Most animals, as is well known, have two kinds of hair in their coat,—namely, long 
and stiff hairs, and between these a shorter, curly, woolly hair. Now, the further a 
sheep is carried towards the north, the more equal does the proportion of the two kinds 
of hair in the coat become; while in sheep living in southern countries the woolly hair 
increases in quantity at the expense of the stiffer, longer hair. This is exemplified in 
the merino sheep inhabiting the mountains of Spain. Climate modifies also the 
“habitus” and size of animals. Cattle transported from the temperate zones of 
Europe,—for example, from Holland or England to the East Indies,—are said to 
become considerably smaller in their succeeding generations.* On the other hand, 
the skin of the cattle carried to South America has in a series of generations gradually 
become so much changed in its properties, that the Brazilian hides now supply the 

* See Sturm, Uber Rucen, Kreuzung, und Veredlung der landwirthschaflLlichen Hausthiere. 
Elbunci>, 1825, p. 54. 
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best leather. The guinea-pig, Cavia aperea, which in its native country is of a grey 
colour, since its introduction into Europe has become changed into a variety marked 
with brown, black, and while spots. The elevation of the locality above the sea also, 
independently of the degree of latitude, has an influence over the forms of animals. 
According to Sturm, the hog in low countries or districts,—as in East Friesland,— 
attains the greatest size of trunk, with long and deep flanks, but with short legs. 
While in proportion as the country the hog inhabits is elevated above the level of the 
sea, the smaller and more compressed becomes its body, the less tapering and shorter 
its head; the shorter and thicker its neck, and the more rounded its hind quarters. Bui 
the food also modifies the form and nutrition of animals; hence in the low countries of 
Holland, East Friesland, and Holstein, the cattle are remarkable for their large size, 
and for the abundant supply of milk which they yield, while they are defective in 
both these qualities in barren Iceland. 

The concurrence of different conditions of internal as well as external 
nature, which cannot be severally defined, has produced the existing 
races or fixed varieties of different species of animals;, the most re¬ 
markable of which varieties are to be met with in those species which 
are susceptible of the most extended distribution over the surface of 
the earth. 

The principal modifications, in addition to those of external form, 
are to be found in the skin, in the coat, the horns, and the adipose 
deposits. Sometimes the ears are lengthened and become pendulous, 
—as in the Kirghisic sheep, and some varieties of the dog; sometimes 
the horns are wanting,—as in the English sheep, or are spirally twisted, 
—as in the Hungarian sheep; sometimes the adipose tissue is accumu¬ 
lated in the form of a hump on the back,—as in the little zeburind, or 
in the tail,—as in the sheep of Thibet and the bucharei; sometimes the 
hair of the coat is curled, as in the poodle-dog, or forms a very thick 
wool, as in the merino sheep. In the human species also prolongations 
of the skin, varieties in its appendages, and local accumulations of fat 
occur in different races; for example, the elongation of the nymphae 
and their commissures in the Hottentot females and the females of the 
Bosjesman or Bushman race; the straight hair which may be abundant 
or scanty, the curly hair and the woolly crisp hair, and the accumulation 
of fat about the buttocks and sacrum of the Hottentot and Bosjesman 
females. 

The modifications in the form of the species produced by the influ¬ 
ence of climate are seldom so deeply rooted, that they are not gradually 
lost when the climate is changed, and then they may be replaced by the 
peculiarities produced by the new climate. Thus the wool of merino 
sheep, imported by Englishmen into some of the South Sea Islands, 
has soon become changed into straight hair. The wool of the same 
variety of sheep, when they are transported to Peru and Chili, very 
soon gives place to straight stiff hair. [Sturm, op. cit. p. 42 and 50.) 
A German gardener repeatedly imported the seeds of tlie white cabbage 
from Germany into Naples in order to rear heads of cabbage which at 
the latter place were still unknown; but he always failed, for he could 
raise only leafy cabbage, or the cauliflower variety. According to 
Sturm also, the Siberian naked barley, Hordeum casleste, when grown 
on the Rhine frequently degenerates into common barley. 

There are, however, examples of typical varieties produced by influ¬ 
ences connected with climate, which have not lost their peculiarities in 
successive generations when transplanted to a diflerent climate, provid- 
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ed the preservation of the type has been favoured by the individuals of 
the variety constantly propagating with each other. The different races 
of mankind afford the most striking examples of this fact. 

The races of the human species answer to the general notion of a 
“ race;” they are different forms of one species which are capable of 
fruitful union, and are propagated by generation: they are not different 
species of one genus; for were that the case their hybrids would be un¬ 
fruitful. Here, as in the case of other animals, all the varieties are to 
be regarded as aberrations from one type, caused partly by differences 
in the progeny of the same parents maintained by repeated propagation 
of similar forms with one another, and partly by the external influences 
connected with climate. Whether the first individuals of the species 
were originally placed in different parts of the globe at the same time, 
or whether they existed originally in one spot, and have spread them¬ 
selves thence over other parts, is a question not affecting this statement. 
Some of the extreme forms of the races of mankind are certainly varie¬ 
ties which are no longer produced anew with all their distinguishing 
peculiarities, either by internal causes, or by the influences of climate, 
and which lose their characters in no climate, but propagate them in all 
their purity when foreign admixture is avoided. For negroes in the' 
temperate and colder climates remain black, and retain all the charac¬ 
ters of negroes, and also by generative union with each other produce 
only negroes; whilst Europeans in hot climates, except that the colour 
of their skin becomes somewhat darker, retain the characters of the 
European race. Under the same degrees of latitude negroes, Europeans, 
and the copper-coloured American Indians retain their respective forms 
and colours; and on many of the Australian islands there are found 
natives with all the characters of the Malay race, and with them black 
men of the negro variety. Yet even these races are not so absolutely 
distinct that the innate tendency to variation does not determine in one 
race individual cases of approximation to another, and that the same does 
not happen from the influences of climate. Individuals of the European 
race sometimes have hair nearly as crisp and woolly as that of negroes. 
The negro form of the face and head likewise occurs in individual cases 
amongst the Europeans. Weber states, that besides the ordinary oval 
form of the skull, there may be found amongst Europeans skulls of the 
elongated and quadrangular forms which are to be regarded as instances 
of sporadic approximation to the negro and mongolian types. The dif¬ 
ferences in the form of the pelvis in different races have been much 
elucidated by Vrolik. The form of the pelvis is sometimes very different 
from the ordinary European type, and particularly in the negroes and 
Bosjesmans, in whom the vertical position of the iliac and other charac¬ 
ters indicate an approach to the form of this part of the skeleton in 
brutes. But in the form of the pelvis also the different races present 
aberrations from their proper type. According to Weber’s researches 
there are in every race examples of pelves with the inlet of the oval, 
the round, the quadrilateral, and the wedge-like form. In the negro 
race there are many aberrations from the general type, such as the 
brown-black colour of the Hottentots and Bosjesmans, the only half¬ 
woolly hair of the Papuan negroes of Australia, the coalescence of the 
ossa nasi into one bone, which sometimes occurs among the Hottentots 
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and Bosjesmans, and the elongated nymphae of those tribes. Moreover, 
although the action of light and the temperature of different climates 
on the skin is extremely various in different races and nations, yet their 
influence is to a certain extent evident in all races; in all the skin is 
more or less darkened by residence in hot climates. This susceptibility 
to the action of light and heat is greatest in the negroes; so that the 
child, which during its embryonic existence was white, becomes colour¬ 
ed by exposure to the light after birth. In Europeans of fair complexion 
the skin does not become darkened from exposure to the light, which it 
does in Europeans with dark hair. 

The question whether the different races of mankind all derive their 
origin from one parent stock or from several stocks, can never be deter¬ 
mined by practical observation. But this question is not so important 
in reference to the theoretical explanation of the races, as some physio¬ 
logists have supposed. For whether many or few individuals of an 
animal or plant were created at the same time, still the conditions 
which give rise to the varieties would exert their influence on indi¬ 
viduals. The history of the races of animals and plants conducts us 
inevitably to the conclusion that all the true varieties of one species 
may be produced by the action of internal and external causes through 
a sufficiently long period of time on individuals of the species. 

It is impossible to make a strict division and classification of the 
races of mankind. For the various forms do not possess equally 
marked peculiarities, and there is no such sure, scientific, intrinsic 
principle to guide us in defining their limits, as there is in the case of 
the species. The object of a physical history of man is to describe all 
the peculiarities of the nations which maintain themselves distinct by 
the successive generations of each not mingling with those of the 
others; but the contemplation of mankind in this extended manner 
does not come within the scope of this work. All that is here practi¬ 
cable is to enumerate the most conspicuous of the races of mankind 
according to the arrangement proposed by Blumenbach, which is still 
preferable to all others, because it is the most convenient. 

The races distinguished by Blumenbach are:— 

1. The Caucasian race. — In this race the colour of the skin is more 
or less white, passing into flesh colour; more rarely it is of a light 
brownish colour. The hair is more or less wavy, and of a light or dark 
tint. The forehead is high and arched; the face oval; the facial angle* 

* By the facial angle is understood the angle included between the facial line and 
a horizontal line drawn from the base of the cranium. The former of these lines 
touches the glabella or space between the eye-brows and the most prominent part of 
the superior maxilla beneath the nose; the latter line is the middle line of a plane 
passing through the anterior nasal spine of the superior ipaxilla and the meatus audi- 
torius externus. This angle is always larger in children than in adults. In the same 
way it is proportionally large in young apes as in the young ourang, while in full 
grown apes it is much smaller, and the face has consequently a much more brutish 
character. The size of the facial angle is determined by the proportion borne by the 
cranial portion of the head to the parts occupied by the senses and those engaged in 
mastication and the taking of food. In the antique sculptures this angle is enlarged 
to the extent of a right angle, and still further, in order to give a more noble expres¬ 
sion to the head, and hence in this point the form of the child is transferred to the 
adult. According to the researches of Tiedemann the capacity of the cerebral cavity 
of the cranium is the same in different races of men, how different soever the external 
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large, namely, from 80° to 85° The nose is slender, more or less 
arched or prominent; the teeth perpendicular; the lips of moderate 
thickness; the chin prominent; the beard abundant; and no scantiness 
of the growth of the hair of the surface generally. To this race Biu- 
menbach assigns the Europeans (with the exception of the Laplanders 
and Finns) the inhabitants of Western Asia, as far as the Obe, the 
Ganges, and the Caspian Sea, and also the North Africans. 

2. The Mongolian race .—The characteristics of the Mongolian variety 
are a yellow complexion; black, straight, scanty hair; a broad, flat 
face, which is widest where the cheek bones project; a flat and broad 
glabella (the space between the eye-brows); a short, broad, and flat¬ 
tened nose; narrow and oblique openings of the eyelids and eyes, 
placed wide apart. 

To this race Blumenbach refers all the Asiatics not belonging to the 
Caucasian variety, except the Malays; the Laplanders and Finns in 
Europe; the inhabitants of the most northern parts of America, the 
Esquimaux and Greenlanders. 

3. The Jlmerican race has a brownish copper-coloured skin; black, 
straight, scanty hair; a beard more or less feebly developed; a nose 
more or less prominent. All the other characters assigned to this race 
are neither constant nor striking. 

This race comprehends all the Americans not included in the preced¬ 
ing variety. 

4. The Ethiopian race .—The characters are a black or a brownish 
black complexion; black, generally coarse, short, woolly, and frizzly 
hair; a narrow and long skull; a retiring forehead; a prominent upper 
jaw with a retiring chin, and teeth projecting obliquely; a small, 
turned-np nose, compressed above; thick lips; and a facial angle of 
only 70 to 75°. 

All the inhabitants of Africa, except those belonging to the Caucasian 
variety, namely, the African negroes, and the negroes of New Holland 
and the Indian Archipelago, or the Papuas, constitute this race. 

5. The Malay race .—The skin is black; the hair black, soft, curling 
and abundant; the cranium moderately narrow; the forehead arched; 
the upper jaw moderately prominent; the nose short and broad; the lips 
thick, and the mouth wide. 

To the Malay race belong the brown islanders of the South Sea; the 
inhabitants of the Sunda Isles, the Moluccas, the Philippine and Mari¬ 
anne Isles and the true Malays of Malacca. 

It would, doubtless, be more consonant with nature to regard these 
races as constant and extreme forms of the varieties of mankind than 
to endeavour to make them include all the nations of the earth, a task 
which is impracticable and which science does not require to be per¬ 
formed. The attempt to effect such an arrangement of all the varieties 
of mankind under one or other of these classes inevitably leads to an 
arbitrary classification. The position of the Tartar and Finnish tribes 
in relation to the Mongolian and Caucasian races is quite uncertain, 
and they cannot be referred to either exclusively except by a mere arbi- 

forms of the skulls may be. See Tiedemann, Das Him des Negers mit dem des 
Europaers und Orang-utans vergleichen. Heidelberg, 1837, p. 4. 



OF THE HUMAN SPECIES. 


863 


trary decision. The same remark applies to the Papuas and Alfouros 
in regard to their classification with the Malays or with the negroes. 
Amongst the islanders of the Pacific both black and brown and even 
white men may be distinguished; at all events, in the Society Isles there 
are white natives as well as those of a yellowish-brown complexion. 
In this case the whites cannot be referred to the Caucasian race, any 
more than the idea can be entertained of classing the Guyacus of Ame¬ 
rica with the Caucasian race on account of their light complexion. On 
the contrary, these varieties seem to have arisen among these nations in 
the same way as the fair and dark complexioned varieties have been 
produced among Europeans. But it further admits of inquiry whether 
the Papuas and Alfouros should not be regarded as distinct from the 
African negroes in their origin, and whether these black races of the 
Indian Archipelago are not, on the contrary, much more nearly related 
to the brown Malay race, in which case these blacks and the brown 
Malays might be supposed to stand in the same relation to each other 
as the true negroes and the dark-brown inhabitants of Southern Africa. 
No necessity exists for deriving all the black people on the globe, or all 
the brown, or all the white races from the same root; on the contrary, 
since we have seen that varieties may arise among the progeny of one 
stock, it is easy to conceive how it is possible for nature to produce simi¬ 
lar forms in nations which are far removed from each other, and, ac¬ 
cording to the records of history, have never mingled. 

Similarity or difterence of language may sometimes aid us in deter¬ 
mining the relation borne by a particular people to the principal races 
of mankind, but even this criterion is not always trustworthy. For not 
unfrequently languages sprung from very dilferent roots are met with 
amongst the people of one race. Languages, like races of men, perish, 
and are displaced by others. 

With respect to the original roots of languages there may be distin¬ 
guished upon the great continent of Europe and Asia: 

1. The nations whose languages are derived from the Indo-European 
root; these languages are the Sanscrit, the Persic, the Greek, and Latin, 
the German Celtic, and the Sclavonic Celtic. 

2. The nations speaking the Semitic tongues, namely, the Aramaeic, 
Phoenician, Hebrew, Arabic, to which must be added the Aethiopic or 
Geezic in the Northern and North Eastern parts of Africa. 

These are the nations of which the most perfect history has been pre¬ 
served, and who have in the greatest degree been susceptible of civili¬ 
sation. The same nations are comprehended under the name of the 
Caucasian race. 

3. The nations using the Tschudic tongues, to which are referred 
the languages of the Hungarians, Finns, Laplanders, Samoyedes, Es- 
thonians, Livonians, Permiens, Wogules, Ostiakes, Cheremisses, Mord- 
wines, Koriakes, Tchuktches, and Kuriles, and, by some writers, the 
languages of the nations of the Caucasus, as the Georgians and the 
Circassians. 

4. The nations speaking the Tartar or Mongolian tongues, as the 
Mantchoo in China, the Turkish, and the dialects of the Uzbecks, 
Bucharians, Bashkires, Yakutes, Kirghises, Calmucks, Tungooses, &c. 

5. The nations having monosyllabic tongues, partly languages of 
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symbols, as those of China, Tonkin and Cochin China; partly languages 
with syllabic alphabets, as those of Thibet, Siam, and Birma. These 
languages have no inflections, and express the relations of words by 
means of intonation. . 

Australasia is inhabited partly by brown Malays, partly by the 
brownish-black Papuas and Alfouros. The Alfouros live in the central 
parts of most of the Moluccas, and Philippine Isles, of Madagascar 
and New Guinea, also in the North of New Guinea, of New Britain, 
New Ireland, Louisiade, Bouka, Santa Cruz, Solomon’s Islands, and 
are scattered through the interior of New Holland. They are regarded 
as the original inhabitants. M. Lesson describes them as having thin 
legs, prominent teeth, rough, thick, straight hair, a thick beard, and a 
dirty brown or black complexion. The Papuas, who are a different 
variety and live on the coasts, call the Alfouros Endamines. The 
Papuas, who live on the coasts of many islands in the Malay Seas, 
appear to be a mixed variety between the Malays and the Alfouros, or 
true Papuas, and resemble the inhabitants of Madagascar. Their hair 
is moderately woolly, thick, and long; their nose is flat, the nostrils 
dilated transversely, the foreliead high, the beard thin, and their colour 
a deep black-brown. 

The Malays have spread themselves from Sumatra over the Penin¬ 
sula of Malacca; and here also are found the tribes of both colours in 
the mountainous districts, namely, beside the true Malays, the Samang 
tribes, woolly-haired Negritos. 

Malay dialects, nearly allied to each other, are spoken in the Philip¬ 
pine and Sunda Isles and in Madagascar. Of similar construction and 
composed of similar words are the languages spoken in New Zealand, 
Tahiti, the Sandwich Islands and Tonga. 

Africa is inhabited by two races. In the Northern and North 
Eastern parts dwell the Abyssinians, Nubians, Egyptians and Berbers, 
nations allied to the Indo-Europeans. All the rest of Africa is occupied 
by Negroes. The number of languages spoken is immense, and the 
same is the case in America, all the inhabitants of which continent, 
except, perhaps, the (Mongolian) tribes of the North Eastern part, 
appear to be allied to each other, notwithstanding the national dis¬ 
tinctions of Peruvians, Guaranians, Araucanians, Pampas, Puris, Boto- 
cudos, Moluchas, Patagonians, Fuegians, Mexicans, Caribeans, Cana¬ 
dians, and Californians.* 

* The works treating specially of the Natural History of Man, are, Blumenbach, 
De generis humani varietate nativa, Gott. ed. iii. 1795; Blumenbach, Decades col- 
lectionis craniorum, Gott. 1790; P. Camper, Uber den natiirlichen Unterschied der 
Gesichtsziige in Menschen verschiedenen Gegenden und verschiedenen Alters, Berlin, 
1792; Virey, Hist. Nat. du genre humain, Paris, 1824; Desmoulins, Hist. Nat. des 
races humaines, Paris, 1826; Bory de St. Vincent, Der Mensch, Weimar, 1837; G. 
Vrolik, Considerations sur la diversite des bassins de differentes races humaines, Am- 
sterd. 1826; .T. M. Weber, Die Lehre von den Ur-und Racenformen der Scadel und 
Becken des Menschen, Diisseldorf, 1830; R. W’agner, Nalurgeschichte des Menschen, 
Kempten, 1831; Van der Hoeven, in Tijdschrift voor naturlijke geschiedenis, t. i. iv., 
die Menschenracen in der Deutschen Vierteljahrs-schrift, 1838; Prichard, Natur- 
geschichte des Menschengeschlechts (Physical History of Man) mit Anmerkungen 
und Zusaetzen von R. Wagner, Leipz. 1840; Berthold, Menschenracen, im Encyclop. 
Wdrterb. d. Med. Wissensch. B.xxiii. p. 44. Mr. Lawrence’s Lectures on Man; and 
Morion’s Crania Americana, Philadelphia, 1839. 
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SECTION I. 

CHAPTER II.^ 

The Allantois, Umbilical Vesicle and Umbilical Cord—Development of the Embryo in the 

Uterus. 

Some additional particulars on Embryology will be given in this chapter. 

The allantois in the chick is formed from the lower intestine, making its appearance 
on the third day as a pyriform vesicle, which grows rapidly, consisting originally of the 
mucous layer above, but receiving a covering from the vascular layer at a later period, and 
then presenting a thick network of blood-vessels, which consists of two umbilical arteries and 
an umbilical vein. Thus constituted the allantois shoots into the space between the amnion, 
and the serous investment, grows quickly around the embryo as a flattened bag or bladder, 
lying all the while close to the membrane of the shell, and coalescing by its two contingent 
surfaces, it finally forms a membrane that envelopes the ovum or embryo completely, and is 
now known by the name of chorion. ( Wagner, Elements of Physiology, Willis's Translation, 
p. 196.) 

The allantois is, according to Von Baer, composed of two layers, of which the internal 
one is a prolongation of the mucous membrane of the embryo, and the other, the external 
vascular layer in which the vasa umbilicalia ramify. In carnivorous animals this sac bears a 
close resemblance to the same part in birds; it extends entirely around the embryo, and 
invests the whole inner surface of the chorion, except at the part where the umbilical vesicle 
lies. That portion of the sac which lies in contact with the amnion, and which contains but 
few vessels, is the membrana media of earlier writers, and the “ endochorion” of Dutrochet. 
The external portion of the sac, which is in relation with the chorion, is very vascular. The 
proper office of the allantois seems to be the conducting of the vessels of the embryo to the 
exterior envelope of the ovum, in which they ramify. So soon as the vessels of the allantois 
have reached the chorion, they send minute branches into the villi of that membrane. Thus 
are formed the roots which henceforth extend from the surface of the ovum into the parietes 
of the uterus, and from which the placenta is afterwards developed. 

Both the chorion and the amnion, according to the researches of Breschet, Gluge, and 
Barry, are composed of nucleated cells. 

The fluid of the allantois contains the secretion of the primordial kidneys or Wolffian 
bodies, and of the true kidneys. Allantoin exists in it; and in that of birds Jacobson has 
discovered uric acid.t 

The umbilical vesicle.—It is now, says Wagner, (op. cit.) satisfactorily demonstrated, that 
the umbilical vesicle is constantly present as a normal formation in the earlier months of 
pregnancy, and that it is connected with the intestinal canal. Repeated observation has 

* This chapter ought to have come in at page 848. 

t The best figures of the ova of mammiferous animals will be found in the works of Von Baer and Coste, 
and in Gurlt’s Anatom. Abbild. der Haus saugethiere. The authors to be consulted on the subject of the 
development of this class are, Oken and Kieser, Beitrfige Zur vergleichende Anatomie and Physiologie, 
1806. Dutrochet, in the Mdm. du Mus. d’Hist. Nat. T. iii. p. 82. G. Cuvier, ibid. p. 98. Bojanus, Nov. 
Act. Nat. Cur. x. p. 1. C. Mayer, Ibid. xvii. 2. Coste, Recherches sur la Gdndration dee Mammiftres, 
Paris, 1834, et Erabryogenie, Paris, 1837. Von Baer Entwickelungs-geschichte der Thiere 2te Thiel. Bur- 
dach, Pliysiologie, Bd. ii. Valentin, Entwickelungs-geschichte. K. Wagner, Physiologie and leones Phy- 
siologicse. 
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shown that the umbilical vesicle is relatively very larg-c in the youngest embryos, that it rests 
immediately upon the intestine, and communicates with its cavity, having at this time a 
rounded or oval form. At a very early period, however, it becomes pedunculated; its neck is 
produced into a canal, which is hollow at first, so that its contents can be pressed backwards 
and forwards into the bowel. It does not remain long pervious; at the end of the first 
month it is already filiform—with the increase of the amnion, the umbilical vesicle is found 
as a pyriform body between this membrane and the chorion; it collapses more and more; the 
pedicle is obliterated in the second month, and becomes an extremely fine thread, which, 
however, may be traced to the end of the noose of intestine contained within the umbilical 
cord. Such continues to be the condition of the umbilical vesicle to the end of pregnancy, 
when it may still be demonstrated in the membranes; the shrunk vesicle itself may be dis¬ 
covered between the amnion and chorion, and its filiform appendage traced from it into the 
umbilical cord. 

When the human embryo by means of its vessels has gained a vascular connection with the 
chorion, the allantois can no longer bo discovered, the urachus of the urinary bladder,—a 
filament extending into the umbilical cord,—being its only remains. 

The successive changes which the ovum undergoes may be referred to the following 
stages:—The first stage extends to the appearance of the embryo, elevating itself above the 
surface of the yolk-sac. The changes which occur during this period are the least known; 
but the villi of the chorion are at this time developed. This stage is illustrated by an obser¬ 
vation of Mr. Wharton Jones.* The ovum which he describes had the size of a pea, and 
was stated to be aborted in the third or fourth week after impregnation, but may have 
become detached at a much earlier period. It lay imbedded in one side of the uterine 
decidua. One side of its external surface was smooth, the other beset with villi. The whole 
cavity of the chorion was filled with a gelatinous tissue, in which towards one end of the 
ovum a small round body,—the vesicular germinal membrane,—was imbedded. The embryo 
was not yet visible. 

In the second period the embryo becomes separated by a constriction from the yolk-sac, 
and the amnion and allantois are developed; but the embryo is not yet attached to the chorion 
by means of the latter membrane. Two ova, observed by Dr. Allen Thomson, (^Edinburgh 
Med. and Surg. Journal, No. 140, figs. 1 and 2,) belong to this period. Both these ova were 
beset with villi of the chorion. One measured one quarter of an inch, the other one-half of 
an incli in diameter. A third stage of development extends from the period of the attach¬ 
ment of the ovum to the choroid by means of the allantois, to the complete formation of the 
umbilieal cord. The amnion, however, has not yet formed a sheath to the umbilical cord 
enclosing all tlie parts which issue from the abdomen of the embryo. This stage also is 
illustrated by an observation of Dr. Allen Thomson. 

When the amnion and chorion have come into close relation with each other, the ovum 
undergoes very little further change, except that the villi of the chorion become accumulated 
at one spot in order to the formation of the “placenta,” and that the vessels of the chorion 
extend at this spot only into those branched processes or villi with clubbed extremities 
which, like the rest of the membrane, are composed of nucleated cells. The villi, however, 
do not disappear from the other parts of the chorion, but merely the interspaces between 
them become greater in consequence of the growth of the entire ovum. Even in ova of the 
lull period these villi are still found upon the chorion. 

During the development of the embryo the umbilical cord undergoes a constant increase 
in length. 

In the fully formed ovum the following membranes are found in passing from without 
inwards, closely applied to each other; first the decidua, next the chorion, and last the am- 

* Philos. Transact. 1837, p. 339. See also an account of an early ovum observed by Volkinann in Mul¬ 
ler's Arcliiv. 1839, p. 2-18. 
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nion; the amnion being reflected upon the inner surface of the chorion at the point of inser¬ 
tion of the umbilical cord, of which it forms the sheath, while at the umbilicus it becomes 
continuous with the integument of the embryo. The cord invested by this tubular sheath of 
the amnion, contains the following parts: 

1. The remains of the ductus omphalo-entericus, or pedicle of the umbilical vesicle; ac¬ 
companied by 

2. The vasa omphalo-meseraica, branches of the mesenteric vessels of the fetus; 

3. The urachus; and, 

4. The vasa umbilicali, which in the latter period of uterine gestation constitute the prin¬ 
cipal part of the umbilical cord. In mammiferous animals there are generally two umbilical 
veins as well as two arteries; but in the human subject there is but one umbilical vein and 
two umbilical arteries. The umbilical arteries are the main branches of the arteriee hypo- 
gastricffi. They convey the blood of the fetus into the placenta, or rather into the vessels of 
the aggregated villi of the chorion, which form the greater part of the placenta. In these 
villi which are imbedded in the decidua of the uterus or the uterine placenta, the blood of 
the umbilical arteries passes through loop-shaped capillaries into small veins, which by their 
union form the vena umbilicalis. The vena umbilicalis, of which the persistent vena abdo- 
minalis of reptiles and amphibia is the analogue, pours its blood partly into the vena portre 
and partly through the ductus venosus Arantii into the vena cava. 

The liquor amnii of the human ovum contains, according to the analysis of C. Vogt, 
(Muller's Archiv. 1837, p. 69,) an alcoholic extract with lactate of soda, chloride of sodium, 
albumen, and sulphate and phosphate of lime. The liquor amnii of an ovum of months’ 
gestation had a specific gravity of 1.0182; that of an ovum of 6 months, a specific gravity of 
1.0092. In the former 1000 parts contained 10,77 parts of albumen; in the latter only 6.67 
parts.* 

Development of the embryo. —The process of development of the embryo itself may 
be briefly described as follows: At the commencement of the second month the length 
of the embryo extends to a few lines, or half an inch. The extremities are then visible 
in the form of leaf-like appendages, and the cavity of the mouth exists and is wide open; 
the anus is developed somewhat later; the coccyx is very prominent. The branchial 
clefts have not yet disappeared, though they soon afterwards become closed; the head 
acquires a considerable size; the eyes, which are at first placed laterally, assume a more 
anterior position, and the nasal cavities soon become developed. The attachment of the 
unabilical cord is yet very near to the posterior extremity of the trunk; but in the pro¬ 
gress of development it moves more forwards, and at length occupies the middle point of 
the abdomen. During the second month the sheath of the umbilical cord is formed; the 
intestine, at first a straight canal, receives an angular bend with the apex of which the 
umbilical vesicle is connected, and this bent or loop-like part of the intestine is at this period 
received into the commencement of the vagina funiculi umbilicalis. Towards the end of the 
second month ossification also commences at several points, and the rudiments of the mus¬ 
cular system are formed. The heart is covered in, and the septum begins to be developed; 
the aortic arches are reduced in number to two, which unite posteriorly to form the aorta 
descendens, and one of which subsequently becomes the pulmonary artery. The glandular 
viscera, the lungs, liver, and the WolSian bodies exist. The formation of the last named 
organs is soon followed by the development of the rudimentary kidneys, and the testes or 
ovaries. The external organs of generation make their appearance in the form of a wart- 

* For representations of ova belonging to the different periods of utero-gestation I refer to the works of 
Soemmering, Leiler, Velpeau, and R. Wagner. 

The writings which treat on the same subject are those of Kieser, Pockels, Burdach, Leiler, Velpeau, 
Bischoff, Valentin, Mayer, Coste, Von Baer, Wagner and Thomson, which have been already referred to; 
also Wrisberg’s Descriptio Anatom. Embryonis, Gdtt. 1764; Autenreith’s Suppl. ad Hist. Embryon. Hum. 
Tub. 1797, and th'e paper by the author in Meckel’s Archiv. 1830, p. 411. 
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like prominence in front of the cleft which leads to the sinus urogcnitalis. The urinary 
bladder is formed at a later period by a part of the sinus just named, leading in the direction 
of the uraehus, being separated from the rest by a eonstriction. At this time the oral and 
nasal cavities are not separated; the eyelids and external ear, however, are beginning to be 
formed; the different parts of the extremities become perceptible, and the hands and feet 
present marks of the division into the digits. The embryo is now about one inch in length. 
In the course of the third month the feetus acquires the length of two and a half or three 
inches; in the fourth, during which the sex becomes distinguishable, it reaches to four inches; 
and in the fifth to twelve inches. At this period occur the formation of the fat, and the 
further development of the rudimentary horny structures, the nails and the down, lanugo, 
which appears over the whole surface, and the eyelids coalesce. In the fifth month, also, 
the movements of the embryo are felt by the mother. A feetus born during the sixth month 
breathes, but does not continue to live. In the seventh lunar month the embryo acquires the 
length of 16 inches or more, and if expelled from the uterus is sometimes capable of living; 
its skin is red. In the eighth lunar month its length is 16^ inches; the testes at this period 
descend from the abdominal cavity through the inguinal ring into the scrotum, which had 
hitherto the form of empty folds of skin, and the eyelids become free. In the ninth month 
the hair appears on the head, and the embryo measures 17 inches in length. In the tenth 
lunar month its length reaches 18 or 20 inches. At this period, or even during the eighth 
or ninth month, the membrana pupillaris disappears; and the skin, no longer so red, is 
covered by an unctuous matter, the “ vernix caseosa,” which, according to R. Wagner, con¬ 
sists of the desquamated scales of epidermis. In other animals the skin seems to throw off 
the epidermis in the form of a continuous membrane, and hence the body of the embryo has 
been frequently seen enveloped in this free epidermal membrane, whilst the hairs which had 
been formed subsequently were growing beneath it. 
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Absorbents, 

when discovered, and by whom, 245. 
their structure, by whom illustrated, 269. 
forms in which they arise, ib. 
lacteals, do openings exist in them? 270. 
do not exist in bones or in the eye, 246, 
glands, structure of, 273. 
vessels, their structure, ib. 
are they connected with secreting canals? 
274. 

are they connected with the small veins? 
ib. 

terminations of, 275. 
functions of, 276. 

salts absorbed by the lymphatics, 277. 
proofs that lacteals perform absorption, 245- 
277. 

changes produced by them on their con- 
tents, 280. 

influence of inflammation on, ib. 
Absorption, 

not performed exclusively by lymphatics, 
245. 

performed by blood-vessels, 246. 

by capillaries, 249. 

influence of heart’s action on, 257. 

rapid imbibition of fluids by them, 249. 

by capillaries, time required for, 246. 

of chyle, 255. 

by organic attraction, 256. 

effect of plethora on, 257. 

changes of matter absorbed, ib, 

by the skin, 258. 

interstitial, 260. 

by animal tissues, not always owing to en- 
dosmosis, 255. 

action of poisons through, 253. 

Acephalous monsters, 
circulation in, 204. 
state of vascular system in, ib. 

Acetic acid, its action on the red particles of 
the blood, 149. 
in the gastric juice, 366. 
its influence in digestion, 388. 

Acids, influence of in digestion, 388. 

Acini, described, 435. 
of Malpighi, 426. 

exist in but few compound glands, 441. 
of the liver, 439. 

of glands, without efibrent ducts, 417. 
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Adipose tissue, 
cells of, 110. 

Age, influence of on the production of animal 
heat, 76. 

its influence on composition of the blood, 
161. 

its influence on the heart’s action, 183. 
old, its characteristics, 855. 

Ages of life, 

characteristics of the different, 853. See 

Life. 

Air, volume of respired, 289. 

changes produced in it by respiration, 294. 
effects of its injection into the veins, 165. 
Air-tubes, muscular contraction of the, 318. 
Albumen, 

its properties, 101. 
in a state of solution, ib. 
in the coagulated state, 102. 
is nearly identical with fibrin, ib. 
an ingredient in lymph and chyle, 100. 
gaseous elements of, 103. 
in serum of the blood, 101, 161. 
proportional quantity of in blood, 161. 
Aliments. See Food. 

Aliment, proportion of in the excretions, ac¬ 
cording to Dalton, 454. 

Alimentary canal, 
different forms of the, 338. 
its mucous membrane,—glands, 344. 
mucous membrane. Dr. Horner’s descrip¬ 
tion of, 345. 

its muscular coat,—serous coat, 348-9. 
its movements, 349. 
secretions poured into, 361. 
ciliary motion in, 644. 

Allantois, formation and connection of, 842-3. 
Alteratives, 

definition and mode of action of, 63. 
divided into two classes, ib. 
effects of their employment in excess, ib. 
narcotic, 64. 

Amnion, formation of, 842. 

Anasarca, presence of albumen in the urine, 
in, 462. 

Animals, 

duration of excitability in, 39. 
wherein they differ from plants, 45. 
sensation and voluntary motion peculiar to 
them, ib. 
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Animals, 

their functions dependent on the nervous 
system, 46. 

internal digestive cavity peculiar to them, 47. 

their circulation, 48. 

cellular tissue of, its characteristics, 49. 

respiration of, ib. 

classihcation of their functions, 51. 

propagation of, ib. 

their multiplication during growth, 815. 
their multiplication by artificial division, 
817. 

their multiplication by spontaneous division, 
ib. 

their multiplication by formation of buds, 
819. 

development of their tissues, 49. 
cold-blooded, hybernate, 76. 
hybernating. See Hybermting animals. 
the lower, their power of enduring absti¬ 
nence, 338. 

warm-blooded, influence of external heat on, 
80. 

Animal heat, 
its degree, 74. 

varies with external temperature, 75. 
influence of age on, 76. 
effects of cold on production of, ib. 
effects of external heat on, 80. 
sources of, 84, 88. 
influence of respiration on, 85. 
respiration not its only source, 86. 
generation of, in the organic processes, 88. 
influence of the nerves in the production of, 
89. 

effects of heat and cold on, 92. 
how affected by decapitation, 90. 
diminished by the division of the nerves of 
a part, 82. 

Animal fluids, proofs of life in them, 167. 
Antagonistic movements, 669. 
in cases of hemiplegia, ib, 
in opposite groups of muscles, ib. 
importance of pathology of, in distortions, ib. 
Appetite, 335. 

Area or zona pellucida, round the embryo, 20, 
170, 823. 

Area vasculosa, formation of, 170. 

• capillary circulation in, 229. 
first motion of blood in, 229. 

Arterial plexus, 242. 

Arteries, structure of, 206. 
not muscular, 210. 
vital contractility or tonicity of, 213. 
pulse arterial, how produced, 207. 
motion of blood in, 209. 
force and rate of motion of blood in, 214. 
effect of contractions of heart upon them, 
ib. 

influence of respiration on motion of blood 
in, 216. 

effect of anastomosis on blood’s motion, ib. 
why empty after death, 214. 
the minute, mode of,their termination, 221. 
Asphyxia, 

how produced, 163, 


Asphyxia, 

recovery from in lower animals, 40. 
Assimilation, 
organic, 284. 
laws regulating it, 285. 
fundamental principle of, 471. 
differs from inflammation, 473. 
agents diminishing its activity, ib. 
agents modifying its actions, 474. 
organs of, 52. 

Associate or consensual movements, 533, 670. 
explanation of, 583. 
of the eyes, 584, 671. 
of the iris, 584. 

Atmosphere, composition of the, 286. 
impurities in the, ib. 

Atroj)hy, general, order in which the tissues 
are absorbed, 261. 

Attention, distinguished from sensation, 422. 
influences the sensations, and distinctness of 
vision, 622. 

Auditory nerve, 

ultimate distribution of, 493, 752. 
actions of the, 768- 
sympathies of the, 770. 

Auricles, 

contraction of both, simultaneous, 184. 
influence of their contraction on the great 
veins, 239. 

Automatic movements, defined, 664. 
dependent on the sympathetic, ib. 
influence of irritation on, ib. 
hypothetic explanation of their periodicity, 
665. 

dependent on the brain and spinal cord, 666. 

respiratory movements, ib. 

cause of respiratory movements, 667. 

rhythm of respiratory movements, 668. 

persistent, of the sphincters, ib. 

periodic and persistent, in disease, ib. 

Bile, 

not merely cxcrementitial, 174. 
is secreted in the foetus, 175. 

-during hybernation, ib. 

a secretion occurring in most animals, 367. 
is it secreted from venous or arterial blood? 
368. 

its quantity, properties, chemical charac¬ 
ters, 369. 

discharge of, from the gall-bladder, 372, 
453. 

influence of, on the chyme, 399. 
stimulates the intestines, 402. 
duct, effects of ligature of, 401. 

Biliary matter in bile, 370. 

Birth, cause of, 849. 

mechanism of, in the human females, 650. 
mechanism of, in animals, ib. 

Blastoderma; 

See Germinal Disk and Germinal Mem¬ 
brane. 

Blind, perception of colours by touch not pos¬ 
sible, 588. 

Blindness, following injury of the frontal 
nerve, cause of, 584. 
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Blood, 

definition of, 141. 
quantity of, in animal body, 140. 
coagulation of, 142. 
cause of its coagulation, 143. 
circumstances preventing coagulation, 142. 
composition of, 141, 144. 
specific gravity of, 142. 
physical and chemical examination of the, 
144. 

red particles of, ib. 
lymph globules in the, 146. 
colouring matter of, 150. 
state in which iron exists in, 153. 
iron causing red colour of, ib. 
inflammatory, coagulation of, 157. 
buffy coat, cause of the, 158. 
serum of the, 159. 

in different sexes, ages, and temperaments, 
161. 

albumen dissolved in, 101. 
fatty matter in, 161. 
electric properties of the, 162. 
colourless in many invertebrate animals, 
141. 

materials for its formation, ib. 168. 
temperature of the, 74. 
vivifying influence of, 163. 

dependent on red particles, ib. 
arterialisation of, ib. 
transfusion of, 164. 
injection of air and gases into, 165. 
evidences of life in the, 166-7. 
motion of, during coagulation, 167. 
immersion in, restores vitality of parts, 
164. 

formation of the, in the ovum, 170. 
influence of respiration in the formation of, 
171. 

excretions in the formation of, 172. 
existence of urea in, 173. , 

circulation of the, 176. 
rate of motion of the, 195. 
self-propelling power of, 229. * 

contains oxygen and free carbonic acid, 
313. 

nature of the change produced by respira¬ 
tion, 302. 

arterial and venous, difference between, 
ib. 

temperature of, ib. 
analysis of, 303. 

causes of its changes of colour, 304. 

Blood corpuscules; 

See Red Particles, 
automatic movements of, 166. 

Blood-vessels, vital turgescence of, 232. 

proofs of absorption by the, 246. 

Body. 

mechanism of, its organs of motion, 679. 
arranged exclusively for a vertical or upright 
position, 681. 

mode of transmission of its weight, 683. 
influence of its different states upon the 
mind, 791. 

influence of the mind upon, 793. 


Bones, 

animal matter or cartilage of, 117. 

reproduction of, 123. 

structure of, 678. 

chemical composition of, 679. 

reunion of, 124. 

formation of callus, ib. 

not formed by the periosteum, 125. 

as organs of support, 679. 

regeneration of, after necrosis, 137. 

researches into reproduction of, 138. 

sympathies of, 575. 

sympathies of, with the periosteum, 579. 
Boyhood, characteristics of, 854. 

Brain, 

comparative anatomy of, 612. 
foetal, of higher vertebrata, analogous to 
brain of lower vertebrata, 613. . 
relative size of in different animals and in 
man, ib. 

developed in the ratio of the intellectual 
faculties, ib. 
fibres of the, 489. 
termination of fibres of the, 493. 
structure of grey substance of, ib. 
is the terminus of all the primitive fibres 
of the nerves, 606. 
effects of lesion of, 614. 
sole organ of the mind, ib. 
its functions not destroyed by lesion of one 
hemisphere, 615. 

relation of its functions to the viscera, ib. 
mental principle not confined to it, 616. 
only, not the mind, affected in idiocy, in- 
sanity, &c. 618. 

ventricles of, ciliary motion in, 64.5. 
its influence on the heart’s action, 201. 
vomiting caused by affection of, 359. 
reproduction of, 132. 
its capillaries, 218. 

See Cerebrum and Cerebellum. 

Brain and Spinal Cord, 
reproduction of, 132. 
laws of action of, 632. 
motor apparatus of, 633. 
decussating action of, 833. 
varieties of paralysis and convulsion from 
disease or injury of, 634. 
movements of rotation caused by certain 
lesions of, 638. 

dependence of the nerves on, 512. 
every part of, influences the heart’s action, 
663. 

See Spinal Cord. 

Branchiae, structure of, 189. 
compared with lungs, 291. 
arrangement of, vessels in, 219. 

Bronchi, muscular contractions of, 319. 

first appearance of their plates, 293. 
Brunonian Theory, 
account of, 65. 

division of diseases by Brown, ib. 
modified by Rasori and the contra-stimu* 
lists, ib. 

Buds or Gemmae, 

process of their formation, 818. 
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Buds or Gemmae, 

distinguished from the ovum, 818. 
their formation in plants, ib. 
difference of flower and leaf buds, 838. 
Bulbus Aortae, muscularity of, in amphibia 
and Ashes, 241. 

Caecum, acid secretion of, 375. 
acid secretion of, its uses, 402. 
differs according to food of animal, 342. 
digestion, supposed to be renewed in it, 402. 
Calculus, causes of, 332. 

remedies for, 468. 

Callus, 

formation of, 124. 
not formed by the periosteum, 125. 
commencement of ossifleation in, ib. 
Caloric, its effects as a stimulant, 72. 
Capillaries, 

dcAnition of, 189,217. 
size of, 218. 

form of their network, 219. 
size of the meslies of their network, 220. 
of the lungs, 189, 220. 
parietes of, 224. 
structure of, 225. 
circulation in, ib. 
cause of equable motion in, 226. 
resistance offered by them to the blood, ib. 
rate of circulation in, 227. 
motion of the blood in, wholly dependent on 
the heart’s action, 227. 
difference of motion of blood in them, 228. 
return of red particles from them, ib. See 
Circulation, Capillary, 
action of different substances on, 233. 
state of, in inflammation, 235. 
absorption by the, 249, 252. 
of the lungs, consequence of their injury, 190. 
Carbonic acid, generated during respiration, 
295. 

proportion of, contained in the blood, 314. 
given out by the skin, 315. 

Cartilages, 

development and growth of, 107. 
reproduction of, l23. 
intervertebral flbro-cartilage, 682. 
articulating, 680. 
divisible into four classes, 116. 
containing peculiar corpuscules, ib. 
sympathies of, 575. 
of, with periosteum, 579. 
chondrinous flbro-cartilage, 116. 
spongy, and ligamentous, ib. 
of bone, 117. 
peculiar base of, 116. 

Casein, 

is procured from milk, 103, 160, 852. 
its general identity with flbrin and albu¬ 
men, 103. 

eflfccts of re-agents on, 160. 
in the serum of the blood, 160. 

Cell primary. See primary cell. 

Cells, 

formation of animal and vegetable tissues 
from, 106, 113. 


Cells, 

formed external to other cells, 107. 
pigment, 108. 

arrangement of, to form the different tis¬ 
sues, ib. 
nucleated, ib. 

primordial, resembling blood corpuscules, 
113. 

primary, process of formation, ib. 
secreting, 420. 
nucleated, of fat, 421. 

Cellular tissue, 

different in plants and animals, 48. 

intimate structure and development of, 110. 

of the foetus, ib. 

yields gelatin, 115, 649. 

primitive fibres of, 650. 

contractility of, ib. 

cause of motions of, 657. 

sympathies of, 573. 

Cerebellum, 

experiments on its functions, 624. 
effects of lesions of it, of its crura, and of 
the Pons varolii, ib. 

its function of causing co-ordination of 
voluntary movements, 625, 677. 
relation of, to the sexual instinct, 626. 
Cerebral nerves, 

classification of, 519, 597. 
properties of the fifth nerve, or trigeminus, 
519, 594. 

of the glosso-pharyngeal, 520, 595. 
of the vagus and accessory, 221, 595. 
of the hypoglossal, 523, 597. 
of the third, fourth, and sixth nerves, 523, 
692. 

of the facial nerve or portio dura, 322, 
594, 595. 

Cerebro-spinal nerves, 

organic or grey fibres in, 529. 
ganglia of, at their union with branches of 
the sympathetic, 496. 
compared with sympathetic nerves, 494. 
discoveries of Bell on, 202. 

Cerebrum, 

hemispheres of, experiments on, 628. 
seat of the intellectual faculties, 627. 
doctrines of Dr. Gall respecting the func¬ 
tions of the hemispheres, 630. 
functions of the cerebral commissures, and 
the pituitary and pineal gland, 631. 

See Brain. 

Chara, circular currents in, 176. 

Chorion, of the human ovum, 843, 844. 
Cholera, Asiatic, temperature of body in it, 74. 
Choroid, structure of, in different animals, 721. 
Chyle, 

properties of, 404. 

differences in, arising from varieties of food, 

globules of, 406. 

source of its red colour, 407. 

proportion of fibrin in,—its source, 409. 

and lymph compared, 266, 411. 

and blood compared, 411. 

serum of the, analysis of, 410. 

slate of iron in, 153. 
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Chyle, ' 

and lymph, colour of, 267. 
and lymph, changes produced in, by ah- 
sorbents, 280. 

cause of their motion—its rate, 281. 
where they become mixed with the blood, 
ib. See Lymph, 
cause of its milkiness, 406. 

Chyme, how formed, 377, 386. 
components of, 382. 
changes in small intestines, 398. 
its components in small intestines, ib. 
influence of the biliary secretion on, ib. 
Cilia, 645. 

vibration of, a cause of the circulation in 
the lower animals, 176. 

Ciliary motion, 

by whom investigated, 643. 
where observed, 644. 
phenomena of, 645. 
currents caused by, ib. 
agents which produce it, ib. 
nature of, 646. 

resemblance of, to the oscillatory motions of 
plants, 647. 

not dependent on nervous energy, 646. 
in the Infusoria, ib. j 

Circulation of the blood, 
when discovered, 176. 

circular currents in the lower animals, 176. 
in holothuria, ib. 
the annelida, 177. 
insects, ib. 

arachnida and Crustacea, ib. 
mollusca, 178. 
cephalapoda, ib. 

Ashes, ib. 
reptiles, ib. 
amphibia, 179. 
the frog, ib. 

birds and mammalia, 180. 
acephalous monsters, 204. 
varieties in, 178. 
cause. 48. 
collateral, 192. 
lymph globules in, 231. 

See Heart. 

general phenomena of, 183. 

Circulation, capillary, 

as viewed by the microscope, 225. 
rate of, 227. 

dependent solely on the heart, ib. 

rate of, differs from mechanical causes, 228. 

influence of the nerves on, 237. 

Circulation in plants, its causes, and peculiar 
circulating fluid, 48. 

Circulation, portal, 

in mammalia and vertebrata generally, 181. 
reptiles and amphibia, ib. 

Circulation, pulmonary or smaller, 188. 

consequences of its obstruction, 191. 
Circulation, systemic or greater, 191. 

influence of muscular exertion on, 192. 
Circulation, venous, auxiliaries of, 238. 

Climate, its influence on the temperature of 
the body, 74. 


Climate, 

its influence on the races of mankind, 860 
Coagulum of the blood, 142. 

cause of the bufly coat, 142, 158. 

Cochlea, 

mode of termination of the auditory nerve 
in it, 493, 752. 
its acoustic properties, 767. 
its general uses, 768. 

Cold, its influence on warm-blooded animals, 76 
and heat, effects of, 82, 92. 

Common sensation, 
its seat, 780. 

internal parts endowed with it, 781. 
its various inodifleations, 782. 

Conception. See Generation. 

Consonants. See Speech. 

Contractile tissue, 
of plants, 648. 
of the sensitive plant, 649. 
of animals, ib. 
not always muscular, 640. 
yielding gelatin by boiling, 649. 
cellular tissue, characters of, 650. 
tunica dartos, characters of, 642, 651. 
of arteries, 206, 651. 
muscular, 651. 

Contra-stimulists, account of their opinions, 65. 
Convulsions and Paralysis, 

from lesions and disease of the brain and 
spinal cord, 634. 
diseases of the nerves, 637. 
disease of the spinal cord, ib. 
of the brain, ib. 

Corpora cavernosa penis, 244. 

Corpora Pyramidalia, 619. 

Corpora Quadrigemina, functions of, 623. 
Corpus restiforme, 620. 

Corpus luteum, 
how formed, 832. 

distinction between the true and false, ib. 
Coughing, respiratory movements in, 324. 
Crassamenturn, 142. 

varying proportion of, 162. 

Cruorin, chemical analysis of, 152. 
elementary composition of, ib. 
proportion of iron in, ib. 

Crystalline lens, 
development of, 109. 
reproduction of, 120. 
unequal density of, 726. 

Cutaneous tissue, 424. 

Cytoblastema, or Cytoblast, 49,106, 113, 482. 
Death, 

organised bodies subject to, 40. 
cause of, 41. 
effects of, 22. 

from injection of air into the veins, 165. 
effusion of fluids in body after, 262. 
rigidity of muscles after, 656. 
rigidity of muscles after, cause of, 657. 
continuance of muscular irritability after it, 
40. 

Decapitation, influence of, on animal heat, 90. 
Decidua, formation of, 843. 
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Decidua rcflexa, how formed, 844. 
scrotina, ib. 

intimate structure of, ib. 

Decomposing agents; definition of their dif¬ 
ferent classes and modes of action, 64. 
effects of, ib. 

Decomposition, tendency of organic matter 
to, 16. 

of organic matter attends vital action, 43, 
56. 

See Organic matter. 
tendency to, produced by exercise, 56. 
Deglutition, its mechanism, 350. 
influence of the epiglottis in, 351. 
movements of the oesophagus in, 352. 
in serpents, how performed, 351. 
second and third acts of, excited or reflex 
movements, ib. 

Development, 

one common mode of, in animals and plants, 
113. 

of ovum and embryo, its simplest forms, 
839. 

of the embryo, the yolk has the largest share 
in, ib. 

of tissues, discoveries of Schwann, 105. 
Diabetes, condition of the urine in, 462. 
Diaphragm, chief motor agent in respiration, 
317. 

Diastole efthe heart, 185. 

Diet, necessity of variety in, 333. 

Digestion, 

its objects,—substances easy of digestion, 
330. 

sensations connected with, 335. 
movements of the slomach during, 352. 
temperature of stomach during, 381. 
gas contained in the stomach, analysis of, 
382. 

in ruminants, ib. 
in birds, ib. 
theory of, 383. 

influence of the nerves and electricity on, 
395. 

artificial, 391-3. 

Digestive organs, 

an internal digestive cavity peculiar to ani¬ 
mals, 47. 
of infusoria, 338. 
of rotifera, &c. 339. 
of radiata, &c. 340. 

of annelida, Crustacea, &c. and birds, ib. 
of mammalia, 341. 

Digestive principle. See Pepsin. 

Disease, influence of, on the pulse, 184. 

pulmonary, consequences of, 190, 

Dreams, 

how produced, 810. 

nature of the images seen in them, 795. 
of blind persons, 810. 
action of the mind during, 811. 
voluntary movements during, 812. 

See Somnambulism. 

Ear, 

its essential properties, 752. 


Ear, 

propagation of sound to it by different me¬ 
dia, 763. 

action of its external cartilage, 762. 
resonance of cavities in its vicinity, ib. 
uses of the small bones of, (see Ossicula 
auditus,) 754. 

sounds produced in it at will, 756. 
action of galvanism on the, 505. 
Ear-trumpet, , 

philosophy of its action, 750. 
use of, 764. 

Earth-eaters, 328. 

Eel, caudal heart of, 211. 

Elastic tissue, 

development of. 111. 

structure and chemical characters of, 206. 
Electricity, 

developed from organic matter, 67. 
experiments on, by Humboldt and others, ib. 
phenomena of, in frogs, 71. 
free, in man, 72. 

conditions for development of, in man, ib. 
dependence of, vital actions on, ib. 
galvanic, in human body, 73. 
development of, during vegetation, 74. 
difference of. from nervous principle, 513. 
Electric Ashes, 
enumerated, 68. 

situation of their electric organs, ib. 
effects produced by them, 69. 
experiments of Dr. Davy and others on, ib. 
laws which regulate the electric discharges 
from, ib. 

Embryo, 

development of in Ashes and amphibia, 839. 

blood of, resembles venous blood, 301. 

supra-renal capsules in, 416 

situation of the spleen in, 413. 

influence of the mother’s mind upon, 802. 

action of the senses in, 717. 

formation of, 842. 

connection of, with the uterus in the human 
subject and mammalia, 845. 
nutrition of the, 848. 

subservience of liquor amnios to its respira¬ 
tion, 300. 

Emetics, 
action of, 357. 

Endosmosis, 

removal of fluids not always effected by it, 
255. 

and exosmosis, 251. 

attributed by Dutrochet to electric action, 
ib. 

Entozoa, equivocal generation of, 22. 

digestive organs of, 339. 

Epidermis, a secretion from the skin, 424. 
Epiglottis, 

influence of, in deglutition, 351. 
influence of, on the voice, 695. 

Epithelium, 
development of, 108. 
cells, ib. 

a peculiar form of, intermediate between 
epithelium and mucus, 271. 
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Epithelium, 

an investment of most mucous membranes, 
423. 

Equivocal generation, 
hypothesis of, 22. 
faets in favour of, 25. 
opposed by Ehrenberg’s observations, 23. 
recent experiments concerning, 26. 
Erection, structures in wliich it occurs, 243. 

of the penis, how produced, 244. 

Eustachian tube, its supposed uses various, 760. 
its real functions, ib. 

Evolution theory of generation, explained, 

• 822. 

Excitability, 
dehnitiun of, 37. 
relative duration of, 39. 
animal, laws of, 55. 
exhaustion of, 57. 
of the nerves, 497. 

of the nerves, changes produced in it by 
stimuli, 506. 

of the nerves, effects of division of the nerve 
on it, 512. 

of the nerves. Dr. M. Hall’s experiments on 
the subject, ib. 

Excrement, chemical composition of, 403. 
Excretions, 

nature and uses of, 42. 
formed independently of food taken, 43. 
sometimes formed under local conditions,426. 
proportion of, to food taken, 454. 

Excretions, dehnition of, differs from secre¬ 
tion, 418. 

special apparatus for, not required, 420. 
of foreign mutters, how effected, 455. 
relative quantity of, to food, 454. 
of superfluous water from the kidneys, very 
rapid, 468. 

decomposition of body by, 43. 

Exercise, effects of, 56. 

Exhalation, 

watery, sources of, 455. 
and exudation, 462. 

not influenced solely by physical laws, 263. 
in different diseases, ib. 
not mere exudation, 442. 
cutaneous, 455. 

cutaneous, components of, 457. 
quantity of, 456. 

cutaneous, circumstances modify'ing, 459. 
cutaneous, and sweat, are true secretions, ib. 
Exhaustion, causes of, 56. 

Exosmosis. See Endosmosis. 

Expiration, mechanism of, 317. 

in tortoi.se and turtle, 318. 

Eye, 

nerves of the, 592. 

simplest form of, or eye-dots, in annelida 
and other animals, 723. 
of man and vertebrate animals, 720. 
appendages of the, ib. 
tunics of, ib. 

transparent media of, 721. 
optic nerve and retina, ib. 
destitute of lymphatics, 246. 


Eye, 

and iris, motor nerves of, 592. 
and iris, motor nerves of, influence of brain 
on, 593. 

structural conditions necessary for vision, 
722. 

with refracting media, 724. 
adaptation of the, to vision of different dis¬ 
tances, 727. 

adaptation of, influence of narcotics on the, 
732. 

refractive power of the, changed by inclina¬ 
tion of the axes of the eyes towards 
each other, 733. 

adaptation of the, voluntary influence over 
it, ib. 

chromatic and achromatic properties of the, 
736. 

consensual motion of muscles of, 584, 671. 
its condition during sleep, 810. 

Eyelids of different animals, 720. 

Facial angle, 861. 

Facial nerve, ' 

distribution and formation of, 595. 
connection with the lingual branch of the 
fifth by means of the chorda tympani, 
595. 

its influence on respiration, 322. 
is the special motor of the muscles of the 
face, 524. 

Fffices; see Excrement. 

Fallopian tube, 

seminal animalcules in the, 831, 833. 
reception of the ova into the, 831, 840. 
time of transit of the ovum into, 840. 
changes of ovum in it, 842-3. 

False membranes, 
formation of, 121. 
organisation of, ib. 

Fasting, 

long,—effects of it in different animals, 
337-8. 

diminution of temperature from, 89. 

Fatty matter, 
combined with fibrin, 104. 
exists in the chyle of the blood, ib. 
composition of, 105. 
two principles composing it, ib. 
nucleated cells of, 110. 
is a deposit in the ceils of the cellular tissue, 
420. 
use of, ib. 

Fauces, influence of, on the voice, 695. 

and larynx, respiratory motions of, 317. 
Feathers, 

development of, 109. 
reproduction of, 118. 

Fecundation; see Impregnation. 

Fenestra ovalis, 

sonorous vibrations transmitted by, 754,759. 
more intense through, than through the 
fenestra rotunda, 759. 

Fenestra rotunda, 

transmission of sonorous vibrations by, 754, 
759. 
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Fever, 

morbid conditions of spinal cord in, 611, 
670. 

Fibrin, 

dissolved in the blood, 98. 
how procured, 98. 
coagulated, how procured, 99. 
its gaseous elements, 100. 
its resemblance to albumen and casein, ib. 
is dissolved in the chyle and lymph, ib. 
state in which it is found in the blood, 155. 
proportion of, in the blood, 156. 
proportion of, and red particles, in arterial 
and venous blood, 157. 
greater quantity of, in inflammatory blood, 
158. 

influence of respiration on its formation, 303. 
is more abundant in arterial than in venous 
blood, 302. 

of the chyle,—its source, 409, 
substances which contain it, 140. 

Fibrous membranes, 
sympathies of, 574. 

of, with cartilaginous and osseous tissue, 
579. 

Fifth nerve, 

connection with the sympathetic, 594. 
nasal branch of, supposed by Magendie to 
be the nerve of smell, 589. 
is it the nerve of taste? ib. 
effects of division of its trunk in the cranium 
591. 

Follicles, 
mucous, 423. 
sebaceous, 425. 

varieties in their structure, 428. 
sebaceous, secretion of, 455. 
of the stomach, 344. 
of the intestines, ib. 
of Lieberkilhn, ib. 
surrounding Peyer’s glands, 347. 
perspiratory, of the skin, 425,456. 
of the stomach and intestines, Dr. Horner’s 
observations on, 345, 

Food, 

nutritious, necessary conditions of, 328. 
vegetable substances yielding it, 329. 
animal substances yielding it, 330. 
nutritive principle of, ib. 
azotised and unazotised articles of, 331. 
necessity of variety of, 333. 

Dr. Front’s arrangement of articles of, 333. 
changes of, in alimentary canal, 376. 
changes effected by mastication and the 
saliva, ib. 

changes it undergoes in the stomach, 377. 
relation between its nature and theorganisa- 
tion of animals, 342. 

duration of life in animals deprived of it, 
337. 

relative quantity of, to the excretions, 450. 
Fractures, how united, 124. 

Frog, circulation in, 179. 
carotid gland of, ib, 
contraption of vena cava in, 182. 
form of blood globules of, 146. 


Frog, 

peculiar appearance of central spot in blood 
globule, 145. 

size of blood globule, 146. 
lymph globules in its blood, ib. 
lymph-heart in, 211, 275. 
mechanism of respiration of the, 318, 
quantity of carbonic acid formed by, 297. 
products of respiration in hydrogen and 
nitrogen, 312. • 

communications of its lymphatics and veins, 
274. 

fatty body of, distinct from renal capsule, 
416. 

electric phenomena in, 71. 
changes in impregnated ovum, 840. 
Functions, 

of animals divided into animal and organic, 
51. 

assimilatory, organs by which they are per¬ 
formed, 53. 
motor organs of, 53. 
of the nerves, 53. 

Gall-bladder, not found in all animals, 373. 
Galvanism, 

excites contraction of the heart, 197. 
its influence on the thoracic duct, 278, 
accelerates imbibition, 257. 
production of muscular contraction by, 503. 
nerves not mere conductors of, ib. 
produces in each organ of sense its proper 
sensation, 505. 

Ganglia of the Nerves, 
grey substance of, 493. 
grey substance of, globules of, 494. 
globules of the, originating grey nervous 
fibres, 530. 

classification of the, 495. 
of sensitive nerves, ib. 
of the sympathetic nerve, ib. 
sympathetic, with cerebral nerves, 496. 
probable uses of, 530. 

Gangrena senilis, its causes, 212. 

Gangrene, definition of, 236. 

Gases, respirable and irrespirable, 286. 
poisonous, 288. 

quantity of them contained in water, ib. 
Gasserian ganglion, 495. 

Gastric juice, 
existence of, denied, 384. 

proved by Dr. Beaumont, 365. 
chemical analysis of, ib. 
acids of, 366. 
solvent power of, 385. 
experiments of Dr. Beaumont on, 386. 
are its solvent principles acids? 388. 
nature of the digestive principle, 390. 
chemical properties of this principle, 393. 
influence of food on its chemical reaction, 
365. 

its sources, ib. 

Gelatin, 

from what parts obtained, 103. 
chemical characters of, ib. 
is scarcely a proximate principle, ib. 
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Gemmffi, see Buds. 

Generation, 
non-sexual, 815. 

by multiplication during growth, in plants, 
ib. 

non-scxual, by multiplication during growth 
in animals, ib. 

non-sexual, fissiparous, artificial, 817. 
non-sexual, fissiparous, spontaneous or na¬ 
tural, of plants and animals, ib. 
non-sexual, gemmiparous, 818. 
sexual, 819. 

WolfTs theory of, 836. 
sexual, Wolff’s theory of, refuted, 837. 
Generative fluids, latent state of the mind in, 
617. 

Genus and species, origin of, 32. 
distinguished, 851. 

Germ, external conditions necessary to de¬ 
velopment of, 789. 

difference between it and the fully developed 
organism, ib. 

latent state of the mind in, 617. 
embryo formed from, 842. 
in seeds long preserved, 30. 

Germs, coalescence of two, causes of, 54. 
Germinal vesicle, 

the essential portion of the ovum aecording 
to Dr. Barry, 841. 
in the ovulum of Mammalia, 814. 
its germinal spot, 822, 841. 

Germinal spot, described, 823. 

presenting in the germinal vesicle, 841. 
is the analogue of the nucleus of formative 
cells, 823. 

its changes, as described by Dr. Barry, 
841. 

Germinal membrane, intimate structure of, 20. 

changes of, during incubation, 170. 
Glandulse solitariae, 
of large intestine, 344. 
of small intestine, 348. 

Glosso-pharyngeal nerve, 
distribution of, 595. 
function of, 520, 595. 
is it the nerve of taste? 590. 

Glottis, structure of the human, 689. 
various forms which it assumes, 690. 
the voice formed by, 689. 

Gout, condition of urine in, 665. i 

causes of, 332. 

Graafian vesicles described, 823. 

Granulations, microscopic structure of, 135. 
secretion of pus by, ib. 
healing of a wound by, ib. 
formation of skin by, 136. 

Growth, 

discoveries of Schwann and Schleiden in, 
481. 

laws of, and change of form, 482. 
metamorphoses of animals by, 483. 
influences of ideas upon, 798. 

Gymnotus; see Electric Fishes. 

Hsematin; see Cruorin. 

Hair, alleged reproduction of, 119. 


Hearing, 

physical conditions essential to, 744. 
organ of, its simplest form, 751. 
organ of, in birds, ib. 
organ of, in Mammalia, ib.; see Ear. 
influence of the membrana tympani and 
auditory bones upon it, 754. 
influence of tension of the membrana tym¬ 
pani on, 756. 

influence of the mind on, 768. 
varieties in its acuteness, 770. 
sympathetic affections of, ib. 
connection of, with speech, 706. 

Heart, 

definition of, 182. 
different forms of, ib. 
action of, 183, 197. 
systole and diastole of, 185. 
impulse of the, 187. 
sounds of the, ib. 

frequency of action of, at different ages, 183, 
valves ofi to prevent regurgitation, 186. 
cavities of, never completely emptied, ib. 
why its contractions are rhythmic, 197. 
influence of respiration on, 198. 
of the nerves on, 199. 
of the brain and spinal marrow 
on, 201. 

of the sympathetic nerve on, 205. 
the sole cause of capillary circulation, 227. 
lymphatic in frog, 211, 275. 
caudal in eel, 211,238. 

Heat, 

external, its influence on the temperature of 
warm-blooded animals, 80. 
power of resisting it, 81. 
and cold, comparison of their effects, 92. 
Herbivora, 

change their food from animal to vegetable, 
342. 

Malpighian corpuscules in spleen of, 414. 
Hiccough, respiratory movements in, 326. 
Hippuric acid, its characters and composition, 
465. 

Histogeny, 105. 

Homoeopathy, folly of, 60. 

Hunger, 

local sensations of, arrested by the division 
of the nervus vagus, 336. 

Hybernating animals, 

temperature of, when not torpid, 77. 
temperature of, during hybernation, ib. 
respiration and circulation of, 77-8. 
peculiarity of vessels of, 79. 
irritability of muscles of, 78. 
condition of their blood and bile, ib. 
Hybernation, 

phenomena of, 77. 
causes of, 77, 79. 
respiration less needed, 77. 
analogous to nocturnal sleep of plants, 80. 
Hypoglossal, or ninth nerve, 
is the motor nerve of the tongue and of the 
large muscles of the larynx, 523, 597. 

Ideas, association of movements with, 674. 
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Ideas, movements excited by, C72. 

influence of, upon growth, 798. 

Imbibition, 

distinguished from lymphatic absorption, 
249. 

phenomena of, 2.50. 
modified by attraction, 256. 
accelerated by galvanism, 257. 

See Endosmosis. 

Impregnation, 

in plants and animals, Wolff’s theory of, 
8.36. 

in plants, 835. 

in animals, results from the direct action of 
the semen on the ovum, 833, 838. 
in animals, situations in which ovum may 
be impregnated, 834. 

in animals, influence of spermatozoa in, ib. 
in animals, changes in the ovum immedi¬ 
ately after it, 841, 

Infant, position of, in uterus, at commence¬ 
ment of labour, 850. 

changes of, in its organism after birth, 851. 
first respiration of, 667. 
action of the senses in, 716. 

Inflammation, 

state of the capillaries in, 235. 
increase of temperature during, 89. 
influence of, on the pulse, 184. 
nature of, 236. 
adhesive, 121. 
suppurative, 133. 

does not occur in lower animals, 117. 
not identical witli regeneration, ib. 
differs from assimilation, 473. 

increased vital action, 236. 
wherein it consists, 55, 66, 99. 

Infusoria, discovery of their structure, 24. 
respiratory organs of, 291. 
digestive organs of, 338. 
traces of nervous system in, 487. 
opinions and experiments concerning their 
generation, 23. 
phosphorescent, 93. 

Ingesta, passage of, into the secretions, 254. 
reappearance of, in the urine, 255. 
changes which they undergo in the large 
intestines, 402. 

Insects, 

circulation in. 

Inspiration, mechanism of. 

Intestinal Villi ,—see Villi. 

Intestinal canal ,—see Alimentary canal. 
Intestines, 

mucous membrane of, 344. 
contractile and serous coats of, 348-9. 
motions of, 359. 

secretion of, chemical characters of, 375. 
acid secretion of the coecum, ib. 
changes which ingesta undergo in large in¬ 
testine, 402. 

gaseous matters in the, 403. 

Iron, 

presence and state of, in the blood, 152, 
153. 

as cause of the colour of the blood, ib. 


Iron, 

state in which it exists in the chyle, 412. 
Iris, 

influence of the third nerve and of nasal 
nerve on, 592. 

connection of its movements with those of 
the eye-ball, 733. 
its condition during sleep, 810. 
of an amaurotic eye, condition of, 551. 
its uses, 725. 

Irritability, 

distinguished from sensibility, 53. 
use of the term by Haller, 653. 

Irritation, 
definition of, 58. 
of an organ, effects of, 59. 

Irritant, 

definition of, 58. 


Kidneys, structure of, 432. 

disposition of blood-vessels in, ib. 
structure of secreting tubuli, 433. 
Woehler’s theory of their office, 468. 
consequences of their extirpation, 173. 


Labyrinth, 

acoustic properties of the, 765. 
use of its fluid, ib. 

use of the vestibule and semicircular canals, 
766. 

use of calcareous concretions in, 767. 
use of the cochlea, ib. 
propagation of sound to, in animals living 
in the air, 753. 

propagation of sound to, by the membrana 
tympani and ossicula auditus, 755. 
propagation of sound to, through the cranial 
bones, 763. 

transmission of sound to, by the fenestrse, 
ovalis and rotunda, 759. 
resonance of cavities in its vicinity, 762. 
membranous, its uses, 768. 

Lacteals. See Absorbents. 

Lactic acid, 

in serum of the blood, 161. 
source of, 174, 466. 
in gastric juice, 366. 

Lamina spiralis, 

aids the cochlea in the perception of sounds, 
768. 

Languages, the, spoken by different races of 
mankind, 863. 

Larynx, structure of, 689. 
elastic tissue of, 690. 
male, and female, differences in, 693. 
experiments on the human, removed from 
the body, 692. 

results of experiments on the, 692-3. 
influence of ventricles of, on the voice, 696. 
See Voice. 

and fauces, respiratory motions of, 695. 
Leaf of plants, an individual organism, 815. 
Leaping, 

mechanism of, in man, 686. 
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condition necessary for its manifestation, 
35. 

attended by decomposition of animal mat¬ 
ters, 36, 454, 475. 

duration otj in animals deprived of food, 
337. 

embryonic, characteristics of, 853. 
period of childhood, boyhood, and youth, 
853. 

period of manhood, 854. 
period of sterility and old age, 855. 
of the blood, 166-7. 

Light, 

development of, in animals, 93. 
man, 96. 

of phosphorescent origin in animals, 94. 
not developed by the eyes of animals, 95. 
Liquor sanguinis, 
how procured, 142, 

influence of coagulation of blood on, 155. 
state of fibrin in it, ib. 
holds fibrin dissolved in it, ib. 
differs from serum, 142. 
resemblance of, to lymph, 188. 

Lithic or Uric Acid, 
excreted by insects, 460. 
in urine, source of, 173, 464. 
in the embryo, 174. 
how obtained, 463. 
its characters and composition, ib. 
existence of urea in it, ib. 
contains allantoin, 464. 
in urine of gouty persons, 465. 
in urine of different animals, ib. 
its production connected with the nature of 
food, ib. 

Liver, its various forms in the animal series, 
430. 

termination of biliary ducts of, 431. 
arrangement of blood-vessels, ib. 
researches of Mr. Kiernan, ib. 
development of, ib. 
influence of, on the blood, 174. 
action of, independent of digestion, 175. 
Lochia, 851. 

Locomotion, 

animals destitute of, 677. 
animals free one part of life, fixed at an¬ 
other, ib. 

animals endowed with, 678. 
organs of support for, 679. 
bones, their minute structure and composi- 
tion, 678. 

skeleton, or osseous system, 679. 

articulation of, 680. 
conformation of human frame for, 681. 
vertical or upright position of human body, 
ib. 

parts of sustentation and motion for, ib. 
mechanism of, 683. 
swimming, 684. 
walking and running, ib. 
walking, mechanism of, 685. 
running, movements in, 686. 
leaping, mechanism of, ib. 


Lungs, vascular structure of, 189, 
great absorbent power of, 247, 
secreting power of the, 315. 
capillaries of the, 189. 

Lymph, 

its characters; analysis of it and of chyle, 
265. 

human, its appearance and microscopic 
characters, ib. 

of the spleen, red colour of, 267. 
its resemblance to liquor sanguinis, 168. 
identity of, with liquor sanguinis, 278. 
and chyle, comparison of, 266. 
and cliyle, nature and source of their 
globules, 268. 

and chyle, change produced in them by 
absorbents, 280. 

and chyle, cause of their motion, 281. 
and chyle, when mixed with the blood in 
mammalia, ib. 

See Chyle. 

of the frog, its appearance, 266. 
effused, organisation of, 121. 

Lymph globules, 

circulate with blood, 251. 
transformation of red particles into the, 
232. 

probable source of blood globules, 169. 
relation of to nutrition, 474. 

Lymphatics. See Absorbents. 

Lymphatic hearts of amphibia and reptiles, 
their discovery, number, situation and 
uses, 275. 

Lymphatic system, sympathies of, 575. 


Male, periodicity of the sexual functions in 
the, 829. 

Man, 

constituent elements of his body, 14. 
characteristics of the two sexes, 820. 
brain of, and of higher animals compared, 
612. 

brain of, and mammalia compared, 613. 

Mastication preparatory to digestion, 376. 

Meatus auditorins externus, 

influence of, in the propagation of sound to 
the tympanum, 761. 

Medicinal agents referred to three classes, 61. 

Medulla oblongata, 
structure ofi 619. 
properties of, 620. 

the source of all respiratory movements, 321, 
323, 621. 

the seat of sensation and volition, 621. 
excited by the first aerated blood of the 
child to determine respiratory action, 
667. 

Membrana tympani, 
propagation of sound by, 754. 
effects of its tension, 756. 
influence of the tensor tympani muscle on 
hearing, 758. 

Membranes, false, how formed, 121. 

Menstruation, 
wherein it consists, 824. 
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Menstruation, 

state of blood during, 162. 
its cause unknown, 828. 
phenomena analogous to it in brutes, 828. 
re-appcarance of, after labour, 851. 
Microscopic globules in secretions, 446. 
Motion, cause of, in plants and in new muscu¬ 
lar tissues, 648. 
organs of, 53. 

ciliary; see Ciliary motion, 
muscular and ciliary, 640. 

See Muscular movements, 
voluntary, peculiar to animals, 47. 
of the human body, 681. 

Milk, composition of, 851. 
globules of, ib. 
casein of, ib. 

of pregnant and puerperal women, ib. 
of the human female and of animals com¬ 
pared, 852. 

Mind, 

brain the sole organ of, 616. 
not confined to the brain, 617. 
latent state of, in the generative fluids and 
germ, 617. 

not effused in idiocy, insanity, &c. 618. 
is it identical with the vital principle? 619. 
is it a property of matter? ib. 
its influence upon the body, 793. 
influence of states of the body upon, 791. 
its influence upon the senses, 793. 

See Phantasms. 

its influence upon motions, 797. 
its influence upon nutrition, growth, and 
secretion, 798. 

phenomena of, in compound animals, 799. 

in double monsters, 800. 
of the mother, its influence on the foetus, 
802. 

Morbus cceruleus, low temperature of the body 
in, 74, 87. 

nutrition and secretion not affected in it, 
163. 

Mother, 

connection between her and the foetus, 845. 
influence of her mind on the foetus, 802. 
after child.birth, 851. 
milk of, lb. 

Mucous membranes, 
structure of, 422. 
chemical composition of, ib. 
three divisions of, ib. 
reunion of, ib. 

reunion of divided excretory ducts, ib. 
Mucus, j 

secretion of, 423. 
follicles secreting, ib. 
its uses and chemical characters, 424. 
globules in it resembling pus globules, con¬ 
tains pyine,—differs from pus, 134. 
Muscles, 

development and growth of primitive fibres 
of. 111. 

observations of Valentin and Schwann on, 
ib. 


Muscles, 

temperature of, in man, 84. 
cause of red colour of, 652. 
structure of, ib. 

of animat life, characters of, 641. 
of organic life, characters of, ib. 
of the heart and of the animat system, 652. 
cause of their transversely striated appear¬ 
ance, ib. 

chemical properties of, 651. 
sensibility and contractility of, 653. 
contractility not peculiar to, 642. 
changes in, during contraction, 655. 
theories of contraction of, 660. 
contractility of, its causes, 657. 
contractility of, influence of the blood on, 
658. 

influence of the nerves on, ib. 
retained after death, 653. 
rigidity of, after death, 648. 
muscular source explained, 783. 
sympathies of, 575. 
reunion of, 127. 

their substance never reproduced, 127. 
Muscular exertion, 

influence of, on the systemic circulatirm, 
192. 

why it accelerates the heart’s action, 568. 
Muscular movements, 

division of, into voluntary and involuntary 
I objected to, 661. 

i excited by heterogeneous stimuli, 663. 

dependent on certain states of the mind, 
672. 

excited by ideas, ib. 

antagonistic, see Antagonistic movements. 
Nails, 

development of, 108. 
reproduction ofi 119. 

Necrosis, causes of, 136. 

progress of, 137. 

Nerves, 

two systems of, 201, 
development of, 112. 
minute structure of, 488. 
elementary structure of primitive fibres of, 
ib. 

of fibres of the cerebral substance, 489. 
white and grey fasciculi in, 490. 
of the system of grey or organic fibres, 

528. 

organic fibres in the cerebro-spinal nerves, 

529. 

in the sympathetic nerves, 530. 
origin of, from the globules of the gan¬ 
glia, ib. 

functions of, ib. 

course and arrangement of primitive fibres 
of white and grey fasciculi, 490. 
primitive fibres of, do not anastomose, 491. 
termination of primitive fibres of, 493. 
of the brain, ib. 

grey substance of the brain and spinal cord, 
ib. 
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Nerves, 

distribution of, in the cerebro-spinal and 
sympathetic nerves, 494. 
grey substance of the ganglia, 493. 
classification of ganglia of, 495. 
functions of, 46. 

their influence on the heart’s action, 199. 
on capillary circulation, 237. 
on action of small vessels, 480. 
on animal heat, 89. 

respiratory, their influence according to 
Bell, 322. 

their influence on nutrition, 478. 
regeneration of, 127. 

their influence on reproduction of parts, 

128. 

on secretion, 447. 
on secretion of urine, 448. 
on muscular contractility, 658. 
ditribulion of, in muscles, 660. 
spinal, sensitive, and motor roots of, 515. 
experiments of the author on, 517. 
their properties, 618. 

cerebral, sensitive, and motor properties of 
the, 519. 

mixed cerebral, ib. 

mostly motor, without a ganglion, 523. 
motor, laws of their action, 532. 
sensitive, laws of their action, 536. 
motor and sensitive, different modes of action 
of, 560. 

reflex action of, 548. 

sympathies of sensitive and motor with each 
other, 582. 

sensations produced by their division, 539. 
of special sense, theories with regard to, 
587. 

of the different senses cannot perform each 
other’s functions, 588, 714. 
supposed absence of optic, in the mole and 
Proteus anguinus, 588. 
is the fifth, or the glosso-pharyngeal, the 
nerve of taste? 589. 
excitability of the, 497. 
action of mechanical stimuli on, 498. 
of temperature on, 499. 
of chemical stimuli on, ib. 
of electric stimuli on, 500. 
galvanic experiments on, 501. 
not mere conductors of electricity, 503. 
theory of electric currents in, 514. 
changes in their excitability by stimuli, 506. 
action of renovating stimuli on, 508. 
of alterant poisons on, ib. 
of narcotics on, through the blood, 509. 
local action of narcotics on, 510. 
influence of division on their excitability, 
512. 

results of their division for neuralgia, 540. 
sympathies of, with the central parts of the 
nervous system, 582. 

Nervous system, 

exists in all animals, 46. 
distinction between that of the vertebrata 
and invertebrata, 486. 
type of, in the radiata, 487. 

74 


Nervous system, 

type of, in the mollusca, ib. 

in the urticulata, ib. 
central organs of, their functions, 598. 
not wholly inactive in sleep, 600. 
central organs of, generate and regenerate 
nervous principle, 601. 
their formation, 602. 
comparative size of them, and of the 
nerves, in different vertebrata, 603. 
periodicity of symptoms in diseases o^ 
668 . 

Nervous influence, 
theories of, 531. 
rate of its transmission, 532. 
laws of its transmission in motor nerves, 
ib. 

displayed in the production of associate 
movements, 533. 

laws of its transmission in sensitive nerves, 
536. 

its transmission slow in sympathetic nerve, 
566. 

Nervous principle, 

diflferent opinions on, 513. 
not identical with electricity, ib. 
comparison of with electricity, 514. 
generated and regenerated by nervous cen- 
tres, 601. 

Nervus accessorius, 
distribution of, 596. 
relation to nervus vagus, 521. 
its infiuence on respiration, 322. 

Nervus vagus, 

influence of, on respiration, 32. 
effects of division of, 327. 
influence of, on digestion, 596. 
on secretion of gastric juice, ib. 
causes sensation of hunger, 336, 596. 
compensating return of influence to sympa¬ 
thetic, 596. 

relation of to accessory nerve, 521. 
functions of, 522, 595. 

Nuclei and Nucleoli, 

metamorphoses of, into the tissues, 114. 
in the blood, 113, 150. 
chemical analysis of, 150. 
relation to the cells, 106-7, 114. 

Nucleolus, 

formation of, 114. 

Nutrition, definition of, 470. 
materials for, in the blood, 472. 
relation of red particles to it, 471. 

of lymph globules to it, ib. 
diseases of, 474. 
morbid state of fluids in, ib. 
renewal of the material of the fluids in, 475. 

of the material of the solids in, 476. 
influence of the nerves on, 478. 

Odours, conditions necessary for their percep¬ 
tion, 771. 

sensations of, from internal causes, 774. 
CBsophagus, 

movements of, in deglutition, 352. 
movements of, in vomiting, 357. 
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Olfactory nerves, 

their existence necessary for the perception 
of odours, 771. 

difference of their properties in different 
animals, 774. 

their subjective sensations, ib. 

Optic nerve, its peculiarities in the different 
vertebrata, 721. 

Optometor, uses of, 735. 

Organic attraction, 
facts illustrative of, 54. 

Organic force, its definition, 27. 
is creative, 31. 
exists in the germ, 31. 
is not identical with the mind, ib. 
its nature, 33. 
mobility, 34. 
sources, 21, 43. 

conditions necessary for its action, 35. 
Organic matter, 
its constituent elements, 13. 
ternary and quaternary compounds in, 15. 
consists chiefiy of combustible substances, 
16. 

its tendency to decomposition, ib. 
conditions necessary to its decomposition, 
17. 

products of its decomposition, ib. 
slate in which minerals exist in, 18. 
its simplest forms, 19. 
frequent appearance in microscopic mole¬ 
cules, 20. 

ultimate fibres in, 21. 
its sources, 21, 26, 43. 
generated by plants from inorganic com¬ 
pounds, 22. 
why it perishes, 41. 

Organic molecules, their dimensions and form, 

20 . 

Organic processes, influence of spinal cord on, 

612 . 

Organisation of an animal, relation between it 
and the nature of its food, 342. 
tendency of fibrin to, 168. 
of effused lymph to, 121. 

Organised bodies, 

their indivisibility, 28. 
adaptation displayed in them, ib. 
their symmetry, 29. 

component tissues never crystalline, 30. 
physical phenomena, 67. 
moisture essential to vitality of, 19. 
renewal of materials of, sec Nutritive pro- 
cess, 469. 

subject to death, 40. 

Organism, its characteristics, 27. 
unity in, 28. 
its origin, 32. 
of animals, 45. 

Osmazome, its chemical properties, 104. 
is a compound of animal matter with lac¬ 
tates, 101. 

in serum of the blood, 161. 

Ossicula auditus, their uses, 754. 

propagation of sounds through them to the 
labyrinth, 755. 


Ossicula auditus, 
their muscles, 758. 
action of the stapedius muscle, ib. 

Ovarium or germen in plants, 835. 
Ovi-capsule, described, 822. 

Oviduct, accumulation of ova in, 831. 

Ovulum, 

by whom discovered, 823. 
how retained in the Graafian vesicle, ib. 
its structure described, ib, 
germinal vesicle within it, 824. 
external investment of—zona pellucida, or 
chorion, 823. 

in the flower of plants, 835. 

Ovum, 

unimpregnated, its structure, by whom stu¬ 
died, 821. 

where developed in different animals, 822. 
its essential parts, ib. 
its separation from the ovary, 831. 
changes in, immediately after impregnation; 

Dr. Barry's observations, 841. 
of mammalia, separation from the ovary de¬ 
pends on coition, 831. 
wherein it differs from the bud, 821. 
time of its entrance into Fallopian tube, 840. 
changes which precede the expulsion of, 
from its capsule, 832. 
situations in which impregnated, 834. 
changes in the yolk of, according to Dr. 
Barry, 823. 

capsule of, ovicapsule or calyx, 822. 
development of, in germinal vesicle, 823. 
shown to be a cell, by Schwann, 839. 
conversion of, into embryo, 841. 
development of, in the uterus, 843. 
formation of blood in the, 170. 

Ovum, human. 

time of its appearance in uterus, 843. 
its relations to the decidua, 843. 
to the allantois, 865*. 
membranes of, 866*. 
development of, in utero, 866*, 867*. 
Oxygen, 

amount of, consumed in respiration, 296. 
presence of, in the blood, 172, 313. 
in arterial blood, 303, 305. 
experiments of Magnus, 313. 

Palate, motions of, in deglutition, 350. 

motions of, in vomiting, 356. 

Pancreas, peculiar to Vertebrata, 373, 
structure of, 430. 

Pancreatic juice, chemical characters of, 373. 
Paralysis, 

influence of, on the pulse, 212. 
nutrition affected by it, 478. 
sensations in parts affected by it, 539. 
and convulsions, from lesions and disease of 
the brain and spinal cord, 634. 
from disease of the spinal cord, 636. 
from disease of the spinal cord, makes 
motion of the intestines slow, 566.' 
from disease of the brain, 637. 
parts affected by, often most readily con¬ 
tract under use of strychnia, 512. 
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Paralysis, 

contraction of mnscles of one side from, 669. 
Parotid gland, development of, 430. 

salivary canals in it, ib. 

Passions, influence of, on different viscera, 
615, 798. 

muscular movements excited by, 672, 798. 
modified by different states of the body, 792. 
Pepsin, chemical properties of, 393. 
action of, 394. 
action of, on casein, 394. 
does not dissolve all aliments, 395. 
Periodicity of vital actions, 60. 

Periosteum, its share in the formation of 
callus, 125. 

its share in the formation of the new bone, 
after necrosis, 137. 
sympathies of, with bone, 579. 

Peristaltic movements of parts supplied by 
the sympathetic, 569. 

Permeability of animal tissues, 249. 
Perspiration, whence secreted, 425, 456. 
Phantasms, 

wherein they consist, 793. 
circumstances under which they occur, 794. 
produced by certain diseases, 795. 
seen by Nicolai, 796. 
observation of Goethe on, 18. 

Phosphate of lime, state of, in the bones, 13. 
Physiology, definition of, 93. 

Phosphorescence, 
of infusoria, 9.3. 
ceases in death, 94. 

of animals with proper phosphorescent or¬ 
gans, ib. 

analogy of, with development of electricity, 
ib. 

of insects, 95. 

imaginary, of eyes of the higher animals, 93. 
of the sea, its three sources, 193. 

Picromel of the bile, 371. 

Pigment cells, 421. 
development of, 108. 

Pistil, female sexual organ of plants, 835. 
Placenta, human, 846, 866*. 
foetal and uterine, according to Weber, 846. 
foetal and uterine, no direct vascular con¬ 
nection between, 847. 

action of, equivalent to respiration, for the 
foetus, 300,848. 

Plants, 

their constituent elements, 13. 
cellular tissue of, 48. 
nutriment of, 43. 

nitrogen subservient to their nutrition, 49,50 
generate organic matter, 22, 26. 
circulation in, 48. 
ascent of sap in their vessels, 279. 
respiration of, its product and uses, 49. 
and animals, their differences, 45. 
sleep and waking, 808. 
their sleep compared with that of animals, ib. 
nocturnal sleep of, analogous to hyberna¬ 
tion, 80. 
motions of, 45. 
moti ons of, not voluntary, ib. 


Plants, 

motor organs of, 648. 
theory of the motion of the, 649. 
motions of the sensitive plant, ib. 
cause of motion in, ib. 
mode of propagation of, 48. 
their multiplication during growth, 815. 
their multiplication by the formation of 
buds, 818. 

sexual organs of, 835. 

spermatozoa in their male .sexual organs, 827. 
act of impregnation in, 835. 
nature of the process of impregnation in, ib. 
development of their tissues from cells, 106, 
149. 

Plethora, effect of, on absorption, 257. 

Poisons, action of, 253. 

chemical action of, ib. 

Portio dura; see Facial nerve. 

Portal circulation, 181, 194. 

Posture, influence of, on the pulse, 184. 
Presbyopia and Myopia, 734. 

Primary cell, 106, 113. 

Protein, 

its formation, 15. 

its affinity to albumen, fibrin and casein, ib. 
compounds of, produced by vegetables, 97. 
furnishes the materials for the various tis¬ 
sues, 97. 

Puberty, period of, 827. 

Puerperal state, 851. 

Pulmonary circulation, 188. 

consequences of its obstruction, 190. 

Pulse, 

various frequency of, according to age, &c., 
183. 

modified by elevation, sex,posture, &c. 184. 

inflammation and fever, ib. 
cause of, 187, 207, 209. 
not synchronous in different arteries, 208. 
Pulsus cordis, 187. 

Pulsus venosus, 188. 

Pus, 

secreted from inflamed surfaces, 133. 
physical and chemical characters of, ib. 
wherein differing from mucus, 134. 
its presence in the blood, ib. 

Pyinc, 

chemical characters of, 133. 

Races, different, 
how produced, 557. 
of the human species, 860. 
human, Blumenbach’s classification of the, 
861. 

human, languages spoken by, 863. 

Reaction, 

definition of, 58.. 

its uniformity in organised bodies, 59. 
is intermittent, 60. 

Rectum, muscular action of the, 360. 

Red particles, physical characteristics of, 145. 
effects of re-agents on, 148. 
chemical analysis of, 150. 
state in which iron exists in, 153. 
their central spot or nucleus, 145. 
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Red particles, origin of the, 169. 

Reflected or Reflex movements, 
of the animal system, 548, 670. 
of the organic system, 567, 670. 
different explanations of, 548. 
dependent on the spinal cord, 550. 
increased excitability of spinal cord neces¬ 
sary thereto, ib. 
local, 551. 

of systems of muscles, 552. 
of muscles of entire trunk, 553. 
attended with sensations, though not neces¬ 
sarily, 555. 

the author’s theory of their production, ib. 
Dr. Hall’s observations on, 553. 

Dr. Hall’s theory of cxcito-motory and rc- 
flecto-motory nervous fibres, 555-7. 
chief points connected with the present doc¬ 
trine of, 556. 

Dr. Hall’s theory corroborated by invest!- 
gations of Mr. Grainger and Dr. Car¬ 
penter, 558. 

power of spinal cord for, probably in grey 
substance, 559. 

great difference of nerves in exciting, ib. 
Regeneration, 

most prompt in inferior animals, 117. 
unaccompanied by inflammation of unor¬ 
ganised tissues, 118. 
accompanied by inflammation, 121. 
of the different tissues, 123. 
accompanied by adhesive inflammation, 121. 
suppurative inflammation, 133. 
Reproduction. See Regeneration. 

Reptiles, circulation in, 178. 
aortic arches in, 180. 
portal circulation in, 181. 
form of their blood-globules, 145. 
lymph hearts of the, 275. 
respiratory organs of, 293. 
summer sleep of, 180. 
gastric juice of, 367. 
have no absorbent glands, 273. 
brain of, 612. 

Respiration, 

its difference in plants and animals, 49. 
as a source of animal heat, 85, 87. 
action of, in the production of blood, 171. 
necessity ofi to different animals, 289. 
how effected, 189, 294. 
changes produced in the air by, ib. 
generation of carbonic acid by, 295. 
consumption of oxygen by, 296. 
proportion of nitrogen in air changed by, ib 
volume of air respired by the adult man, 289. 
of cold-blooded animals, 297. 
its products in warm and cold-blooded ani¬ 
mals compared, ib. 

influence of, in the formation of blood, 171. 
changes in the colour of blood by, 302. 
influence of, in the formation of fibrin, 
303. 

nature of the change produced in the blood 
by, 307. 

influence of, on the circulation; on the 
heart’s action, 198. 


Respiration, 

influence of, on the venous circulation, 240. 
influence of, on the blood’s motion, 216. 
in water, 298. 

of fishes, changes produced in water by, ib. 
of embryos of animals, 300. 
not performed in the liquor amnios, 301. 
chemical process of, 307. 
various theories of the process of, 308. 
products of, in hydrogen and nitrogen, 312. 
carbonic acid, quantity exhaled in, 314. 
a function of a mixed kind, 316. 
first excited in child by arterial blood stimu¬ 
lating medulla oblongata, 667. 
Respiratory movements, 

not absolutely essential, 289. 

how performed, 316. 

inspiration and expiration, 317. 

motions of larynx and fauces, ib. 

chief motor agent in, ib. 

contraction of lungs and air-tubes, 318. 

dependent on the medulla oblongata, 321. 

respiratory nerves, 320. 

influence of nervus vagus on, 321, 327. 

sympathetic, 323. 

in vomiting, and in discharge of fteces and 
urine, 324. 
in coughing, ib. 
in sneezing, 325. 
in hiccough, 326. 
in yawning, ib. 

cause of regular succession of the involun¬ 
tary, ib. 
cause of, 667. 

Respiratory nerves, according to Bell, 322. 
Respiratory organs, different forms of, 291. 
in infusoria, (fee. 291. 
in the annelida and mollusca, &c. 292. 
in fishes and amphibia, ib. 
in birds, 293. 

in man and mammalia, 294. 

Rest, protracted, ill effects of, 57. 

Rele rnirabilc, 

its structure described, 242. 
carolicum, ib. 

Retina, its microscopic structure, 722. 
size of its ultimate sentient portions, ib. 
delicate sensation of, 547. 
and sensorium, their respective action in 
vision, 737. 

inversion of the images on, 740. 

Retinacula of the ovulum according to Dr. 
Barry, 823. 

Reunion. See Regeneration, 

Rotation, movements of, from certain lesions 
of the brain and spinal marrow, 639. 
various sensations of, liow produced, ib. 
Ruminantia, structure of stomach of, 341. 
process of rumination in, 355. 
vomiting in, ib. 

Rumination, process of, ib. 

Runninff, wherein it differs from walking, 

686 . 

Saliva, secreted by most animals, 361. 
its quantity—chemical composition, ib. 
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Saliva, 

mucous globules, cells and terminal vesicles, 
362. 

contains sulplio-cyanogcn, 363. 
animal inutlers in, 364. 
changes effected in food by it, 376. 

Salivary matter, or salivin, in serum of the 
blood, 160. 

Salts, absorbed by the lymphatics, 278. 

taken into the stomach, reappear in the 
urine, 255. 

of the urine, their source, 466. 
death from their injection into the veins, 
166. 

Sap, its ascent in vessels of plants, 279. 
Satiety, 335. 

Sebaceous follicles. See Follicles. 

Secretion, 

not explicable by the laws of endosmosis, 
263. 

cause of products of, 264. 
definition of, 418. 
secreting apparatus,—cells, 420. 
general conditions for, 440. 
scat of the secreting process, 441. 
mode of exhalation, ib. 
exhalation not mere exudation, 442. 
electric action accompanies it, 443. 
chemical theory of Chevreul, 444. 
chemical process of, ib. 
influence of the nerves on, 447. 

Secretions, 

distinguished from excretions, 418. 
natural and morbid, of two kinds, 419. 
microscopic globules in, 446. 
cause of their peculiarity, 443. 
chemical composition of the individual, 446. 
influence of length of secreting canals on, 
ib. 

changes of which susceptible, 450. 
antagonism of, 451. 
vicarious, 452. 
discharge of, 453. 
passage of ingesta into the, 255. 
poured into the digestive canal, 361. 
Secreting membranes, 421. 
serous membranes, ib. 
mucous membranes, 422. 
the skin, 424. 
glands, 425. 

Semen of animals described, 824. 
its emission, a reflex action, 830. 
traverses the Fallopian tube to the ovary, 
831,833. 

how it effects fecundation—Spallanzani’s 
experiments on, 832-3. 
its nature and that of the ovum compared, 
837. 

See Spermatozoa. 

Semicircular canals of the ear, their uses, 766. 
Sensation, peculiar to animals, 45. 
medulla oblongata, seat of, 621. 
definition of, 588. 
nature of, 712. 
seat of, 714. 
laws of, 536. 


Sensation, 

in paralysed parts, 539. 
produced by division of a nerve, 540. 
distinguished from attention, G22. 
Sensations, 

referred to amputated limbs, 541. 
referred to deficient parts in cases of mab 
formation, 543. 
transposition of, ib. 
radiation of, 544. 
coincidence of several, 545. 
distinctness of in different parts, 546. 
distinctness of greatest in the retina, 547. 
excited by internal causes independent of 
external stimuli, 707. 

different, produced by the action of the same 
stimulus on different senses, 709. 
influence of the mind on, 716. 
influence of attention on, 717. 
connected with muscular motion, 783. 
left after impression, 785. 
dependent on internal causes, ib. 
imaginary, 786. 

Senses, 

their functions, 707. 

the nerve of each sense has special proper¬ 
ties, 712. 

each sense confined to its special nerve, 713. 
action of external and internal stimuli on 
the, 707. 

sensations in different, by the same cause, 
709. 

each sense excited by several causes, inter¬ 
nal and external, 711. 
ideas derived from their action, 714. 
number of, limited, 718. 
what would constitute a new sense, ib. 
action of galvanism on the organs of the, 
505. 

Sensibility, distinguished from irritability, 53. 

common; see Common sensation. 

Scrosity, the fluid after coagulation of serum, 
IGO. 

Serous membranes, 
structure of, 421. 
reproduction of, 126. 

! three orders of, 421. 

Serum, 

of the blood, its general characters, 142. 
composition of, 159. 
solid residue of, 160. 

not to be confounded with liquor sanguinis, 
M2, 159.' 

animal matters in, 160. 

of the chyle, analysis of it, 410. 

Sex, its dualism universal, 819. 
of plants, 835. 

in hermaphrodite animals, 819, 821. 
peculiarities of, in different animals, 820. 
peculiarities of in the human subject, ib. 
its influence on composition of blood, 161. 
its influence on heart’s action, 184. 

Sexual functions, 829. 

whereon they depend—results of castration, 

ib. 

Sexual organs, present two distinct types, 821. 

14 * 
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Sexual union, i 

as regards the male, 829. 
as regards the female, 830. 
sensations attending it, ib. 

Skin, 

structure of the, 424. 

reproduction of the, 126, 136. 

carbonic acid given out by the, 315. 

ditfereiicc of from mucous membranes, 422. 

the epidermis its cliief secretion, 424. 

sebaceous follicles of, 425. 

sudoriferous organs of, ib. 

watery exhalation of, 455. 

watery exhalation of, causes modifying, 459. 

absorption by the, 258. 

sympathies of, 578. 

sympathies of with mucous membranes, ib. 
absorbs water, 259. 
of the foetus at term, 868*. 

Sleep, 

why necessary, 807. 

its duration and periodical recurrence, ib. 
and hybernation compared, 708. 
of plants, ib. 

of plants, compared with that of animals, ib. 

its causes, 809. 

its phenomena, 810. 

condition of eye in, 535, 810. 

condition of the mind during, 810. 

cessation of, 813. 

in animals, ib. 

want of it varies in different persons, 814. 
See Dreams and Somnambulism. 

Smell, 

conditions for the sense of^ 771. 
organ of in mammalia, 772. 
the act of, 773. 
differences in, 774. 

stimulants to, other than odorous bodies, 775. 
and taste, their connection with the in¬ 
stincts, ib. 

Sneezing, respiratory movements in, 325. 

a reflected movement, ib. 

Somnambulism, 

various degrees of, 813. 
not due to instinct, 677. 

See Dreams. 

Sounds, 

articulate, 700. 
classification of, 701. 
whispered, 702. 
vocalised, 703. See Speech. 

Speaking-tru rnpet, 
action of, 750. 

Species, definition of term, 856. 
and genus, ib. 
causes of varieties of, 857. 

See Race. 

Spectacles, use of in remedying myopia and 
presbyopia, 734. 

Speech, 

articulate, classification ofthc sounds of, 701. 

whispered sounds, 702. 

mute vowels, ib. 

mute continuous consonants, ib. 

mute explosive consonants, ib. 


Speech, 

vocalised sounds, 703. 
vowels, ib. 
mute consonants, ib. 
vocalised consonants, ib. 
speaking machines, ib. 
ventriloquism, 704. 
defective, ib. 
stammering, ib. 

connection of with hearing, 706. 
Spermatozoa, 

their forms in different animals,825. 
their movements, ib. 
their mode of development, ib. 
absent in some animals, 826. 
their connection with the fecundating power 
of the semen, ib. 
of plants, ib. 

part performed by in impregnation, 834. 
Sphincter ani, action of, 360. 

Spinal cord, 

structure and arrangement of white matter 
in, 604. 

arrangement of its primitive fibres, 606. 
mode of termination of its primitive fibres, 
493. 

structure of grey substance of, 494. 
proportional weight of, 603. 
proportional length of, varies very much, 606. 
relation of, to motion and sensation, 515,606. 
functions of the anterior and posterior co¬ 
lumns of, 607. 

resemblance of, to the nerves, 608. 
a reflector of centripetal impressions upon 
motor nerves, 609. 
a source of motor power, 610. 
a conductor of volition and sensitive impres¬ 
sions, ib. 

is the source of the force of our movements, 
611. 

is the source of the sexual power, ib. 
influences organic processes, ib. 
influences the heart’s action, 202. 
is the subject of a morbid impression in all 
fevers, 611. 

Spinal nerves, 515. See Nerves. 

Spleen, 

present in almost all vertebrata, 413. 
situation of in mammalia, ib. 
structure of,—its corpuscules, 414. 
red colour of lymph of, 408. 
peculiarities of its blood, 415. 
function of the, theories respecting, ib. 
reproduced after extirpation, 416. 
Supra-renal capsules, animals in which they 
exist, ib. 
structure of, ib. 
function of, unknown, ib. 

Stammering, wherein it consists, 704-5. 
cure of, 705. 

Stapedius muscle, its action, 758. 

Starch, digestion of, 395. 

Stethoscope, action of, 764. 

Stigma, 

in the flower of plants, 835. 

formation of, in the ovary of animals, 832. 
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Stimulants, 

as medicinal agents, 

' difference of vital from other stimuli, 573. 
See Vital stimuli. 

homogeneous and heterogeneous, 63. 
their manner of action, ib. 

Stimulus, 

definition of, 58. 

Stomach, 

its peculiar structure in different animals, 
340. 

mucous membrane of the, 344. 
mucous membrane of, follicles of, 345. 
mucous membrane of, influence of digestion 
on, ib. 

during digestion, movements of, 352. 
temperature of, 381. 
changes of food in it, 377. 
gas contained in it, 381. 

See Digestion, 
action of, in vomiting, 356. 

Style, in the flower of plants, 835. 

Succus entericus, vel inlestinalis, 375. 
Sucking, movements of, 343. 

theory of Cuvier, as to its cause, ib. 
is it a reflected nrovemenl? 350. 

Sugar, effects of exclusive diet of, 331. 
Sulpho-cyanogen, in the saliva, 363. 

Summer sleep in tanrec,—causes of, 80. 

Sweat, 

canals secreting it, 425,456. 
analysis of, 458. 

circumstances modifying its secretion, 459. 
Swimming, mechanism of, 684. 

Sympathetic nerve, 
motor and sensitive fibres in the, 526. 
relation with the cerebral nerves, 496,526. 
organic fibres in, 530. 

sources of its motor and sensitive fibres, 562. 
wherein its peculiarities consist, 527. 
involuntary motor power of, 525. 
sensitive functions of, 525, 569. 
distribution of white and grey systems of 
fibres in, 494. 
ganglia of the, 495. 

questions involving its mode of action, 564. 
reflex actions of, 567. 
organic functions of, 571. 
organic functions of, influence ofthe ganglia 
on, 572. 

peristaltic type of motion in parts supplied 
by it, 569. 

sensations produced by it, vague and indis¬ 
tinct, 525, 569. 

compensating relation of it to nervus vagus, 
596. 

slow motion of nervous principle in it, 566. 
influence of narcotics on its action, 567. 
influence of, on heart’s action, 205. 
on the intestinal canal, 565. 
reaction of its minute radicles on central 
organs, a main cause of fever, 205. 
automatic movements dependent on, 664. 
Sympathies, 

of different parts of one tissue with another, 
573. 


Sympathies, 

of the cellular tissue, 578. 
of the skin, mucous membranes, serous 
membranes, and fibrous membranes, 
574. 

of bone and cartilage, muscle and lymphatic 
system, 575. 
of blood-vessels, 576. 
of glandular tissues, 577. 
of different tissues with each other, 578. 
of individual tissues with entire organs, 580. 
of entire organs with each other, 581. 
of the nerves with the central parts of the 
nervous system, 582. 

of corresponding nerves with the two sides, 
583. 

of motor nerves with each other, ib. 
of sensitive nerves, ib. 

of sensitive nerves, not owing to their re¬ 
ceiving branches from the sympathetic, 
585. 

therapeutic application of the doctrine of, 

ib. 

Synovial membranes, 421. 

Systemic circulation. See Circulation. 
Systole of the heart, 185. 

Tabes dorsalis, why more frequent in men 
than in women, 830. 

Talipes, how produced, 826. 

Tapetuin of the eye, its structure and uses, 95, 
721, 726. 

Taste, 

conditions necessary for, 775. 
its seat and organ, 776. 
is it dependent on the fifth or glosso-pharyn- 
geal nerve? ib. 

lingual branch of the fifth, chief nerve of, 
777. 

varieties of, ib. 

mixed sensation of, with smell, 778. 
consonance or harmony of flavours, ib. 
less distinct by frequent repetition, ib. 
sensations of, tiom mechanical and galvanic 
stimuli, 779. 

subjective sensations of, ib. 
number of, in the adult, 679. 

Teeth, 

development of, 109. 
structure of the enamel of, ib. 
reproduction ofthe, 120. 
appearance of the second set, ib. 
Temperaments, 
defined, 803. 

errors respecting their cause, 804. 
opinions of the author on, 805. 
phlegmatic, ib. 
choleric and sanguine, 806. 
melancholic, ib. 

influence of, on composition of the blood, 
161. 

on heart’s action, 184. 

Temperature, 

on the human body, 74. 

differs in different parts ofthe body, ib. 

of birds and mammalia, 75. 
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Temperature, 

effects of eold on warm.blooded animals, 
76. 

influence of ago on, ib. 
of cold-blooded animals, 83. 
of invertebrate animals, 83. 
developed in plants, 81. 

Tendinous tissue, 

analogous to tlie cellular. 111. 
formation of, ib. 

Tensor lympani, 

its influence on hearing, 758. 
is it subject to voluntary influence? ib. 
sounds produced in the ear by its action, 
ib. 

Third nerve, distribution of, 592. 
its influence on the iris, ib. 
is the source of motor power of the ciliary 
ganglia and nerves, 593. 

Thoracic duct, its structure, 273. 

influence of ligatures of, on absorption, 
248. 

Thymus gland, size of, at different ages, 417. 
structure of, ib. 
function of, ib. 

Thyroid body, structure of, ib. 

Tissues, 

component proximate principles of the, 97. 
animal, formation and development of the, 
from cells, 106. 
newly formed of plants, 105. 
vegetable, origin of in gum and fecula, ib. 
all originally developed from cells, 106. 
animal, their division into five classes, 108. 
development of the, in animals and vegeta¬ 
bles, 49. 

difference between vascular and non-vas- 
cular, 113. 

chemical composition of the organised, 115. 
albuminous; brain, spinal cord, and nerves, 
ib. 

yielding gelatin; cellular tissue and serous 
membranes, ib. 

albuminous; muscles, glands, and mucous 
membranes, ib. 

yielding gelatin; tendinous tissue, and skin, 
ib. 

cartilages, bone, and elastic tissue, 116, 
117. 

regeneration of the, 117. 
proximate elements of, exist in the blood, 
472. 

Tissue of plants developed from cells, iic- 
cording to Schleiden, 106. 

Tongue, action of galvanism on, 673. 

Torpedo, 

electric organs of, 68. 

effects of injury on, 69. See Electric 
Fishes. 

Touch, 

organs of, 779. 

parts of the nervous system engaged in it, 
780. 

internal parts endowed with it, 781. 
its various modifications, 782. 
co-operation of the mind with it, 783. 


Touch, 

sensations of, combined with movements, 
784. 

the act of, 785. 
subjective sensations of, ib. 
sympathies of, 786. 

Trachea, 

muscular contraction of the, 319. 
influence of, on the voice, 695. 

Traclieffi of insects, 291. 

Tunica dartos, 650. 

distinguished from muscular tissue, 651. 
nature of its contractile property, ib. 

Umbilical vesicle of mammalia, 842, 865*, 
867*. 

blood-vessels of, 843. 

Umbilical cord, 866*. 

Urachus, ib. 

Urea, presence of in the blood, 173, 462. 
formed artificially, 15, 461. 
in urine, influence of food on it, 173. 
how procured, 461. 
composition of, ib. 
in urine after long fasting, 462. 
in albuminous urine, 463. 
in diabetic urine, ib. 

Uric acid; see Lithic Acid. 

Urina chyli and urina potus, 466. 

Urinary apparatus, ciliary motion in, 645. 
Urinary bladder, 

its relation to the brain and spinal cord, 792. 
Urine, 

specific gravity of, 460. 
essential constituents of, ib.' 
urea of, 461. 
in diabetes, 462. 
uric or lithic acid of, 463. 
hippuric acid of, 465. 
lactic acid of, 466. 
salts of the, ib. 

difference of, under different circumstances, 
ib. 

accidental constituents of, 467. 
presence of pus in, 468. 
source of acidity of, 265, 468. 
discharge of, 469. 

reappearance in it of different ingesta, 468. 

secretion of, its uses, 460. 

secretion of, seat of, 433. 

influence of nerves in secretion of, 448. 

secretion of, independent of food, 42. 

albuminous state of, 463. 

Uterus, 

its early relations to the ovum, 843. 
human, formation of decidua in, ib. 
position of child in, at the beginning of la¬ 
bour, 850. 

its contractions during labour described, 
849. 

Vagina funiculi umbilicalis, 843. 

Valves of the heart, prevent regurgitation of 
blood, 186. 

Variety, 

definition of term, 856. See Race. 
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Vasa-omphnlo-rneseraica, 843, 867*. i 

Vascular system, forms of the, 176. 

Vegetable substances, as articles of food, 329. 

Veins, 

motions of blood in them, 193. 
their valves, 193, 238. 
the great, contraction of, in different animals, 
182, 238. 

the great, influence of suction power of the 
heart on, 239. 

circulation in them, influence of respira¬ 
tion on, 240. 

effects of impediments on circulation of, 
241. 

the great, influence of contraction of the 
auricle on them, 239. 
death from injection of air into, 165. 

Ventricles of the heart, contraction of both si- 
multaneous, 184. 

Ventriloquism, 704, 769. 

Vernix caseosa, 868*. 

Vertigo, cause of sensation of, 639. 

Vessels, first formation of, 170. 

Vesicula germinitiva, 822; see Germinal ve¬ 
sicle. 

Vesiculas scminalcs are receptacles of semen, 
830. 

Vestibule of the ear, its uses, 766. 

Villi, intestinal, no opening, at the extremity 
of, 272. 

appearance resembling openings, ib. 
structure of, 271. 
cavity of, ib. 

not to be confounded with a peculiar form 
of epithelium, 272. 

Vision, 

possible forms of organs of, 719. 
conditions necessary for, 722. 
nerves endowed with a specific sensibility, 
necessary for in all animals, 723. 
absurdity of belief in transfer of, to another 
sense, ib. 

process of, in eyes with concentrating diop¬ 
tric media, 724. 

eyes with refracting media, conditions for, 

ib. 

indistinctness of from spherical aberration, 
how prevented, 725. 
different distances of, 726. 
at different distances, adaptation of the eye 
to, 727. 

at different distances, hypothesis concerning, 
729. 

myopic and presbyopic, 734. 
how remedied, ib. 

effect of convex lenses upon the distance of 
distinct vision, 735. 

action of the retina and sensorium in, 738. 
ideal size of the field of, 739. 
images of the individual’s own body in field 
of, ib. 

inverted images and erect vision accounted 
for, 740. 

subjective phenomena of, ib. 
subjective phenomena of, objects existing in 
the interior of the eye, 741. 


Vision, 

defect of, in distinguishing colours, 743. 
Vital action, attended by decomposition of or- 
ganic matter, 43. 
ns a source of animal heat, 89. 
increased, differs from inflammation, 236. 
dependence of, on electricity, 72. 
cause of periodicity of, 60. 
balance of, in the animal body, 66. 

Vital force. See Organic force. 

Vital principle, its nature, 788. 
has no special seat, ib. 
differs from the mental principle, 31, 619, 
789. 

its divisibility, 790. 

Vital stimuli, , 
definition of, 36. 
their action, ib. 

common to plants and animals, 38. 
erroneously confounded with other stimuli, 
38, 

difference of excitability to them, 39. 
Vitelline membrane, described, 822. 

Vocal cords, 

their presence necessary for the formation 
of voice, 689. 
structure of, 690. 
action of, 691. 
tension of, 692. 

action of the thyro-arytenoid muscles on, 
692-3. 

sexual differences in, 693. 

Voice of man, 
organ of, 689. 
generated at the glottis, ib. 
modulation of, 691. 

experiments on the human larynx, 692. 
male and female, difference of, 693. 
experiments of Willis and Bishop on, ib. 
influence of the trachea, 694. 
of the epiglottis, 695. 
of the palate and uvula, ib. 
of the ventricles of the larynx, 696. 
theories of, ib. 

of Savart and Ferrein, ib. 
in singing, compass, varieties, &c. of, 697. 
musical sounds formed in the mouth, 
700. 

artificial construction of a vocal organ, 
699. 

Voluntary movements, 

on what nerves they depend, 673. 
influence of the will on, 674. 
compound, ib. 
simultaneous series of, ib. 
associated by habit, ib. 
associated with ideas, 675. 
instinctive, 476. 

co-ordinate, 677. See Locomotion. 
Vomiting, definition of, 355. 
movements in, 356. 
respiratory movements in, 324. 
produced by emetics, 357. 
action of stomach in, 356. 
produced by division of the nervua vagus. 



Vowels; see Speech. 

Walking', mechanism of, 685. 

wherein it differs from running, 686. 

Water, 

presence of, in organised tissues, 19. 
quantity of in arterial and venous blood, 
303. 

its action on red particles of the blood, 148. 
quantity of gas it contains, 298. 
changes produced in it by respiration, ib. 
absorbed by the skin, 259. 

Woman, her sexual character, 820. 


Yawning, respiratory movements in, 325. 

Yolk of the ovum, described, 823. 
its cells and their changes, according to 
Schwann, 839. 

its changes in ovum of frog, according to 
Reichter, 840. 

its changes in ovum of mammalia,'described 
by Dr. Barry, 841. 

Yolk-sac, membrane of, 839. 
described, 842. 

Youth, characteristics of, 854. 

Zona pellucida of the ovulum, different opi¬ 
nions concerning it, 823. 


THE END. 
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found in the luxurious habits of later times, which 
have carried to a dangerous excess the comforts 
of our dress and habitations. In nothing is there 
a greater contrast between us and our ancestors 
than in the luxurious closeness and warmth of 
our apartments; and it will scarcely be denied 
that the result of such a mode of living has been 
to render us more easily ailected by the rigour 
and changeableness of the climate out of doors, 
which, unhappily, appears rather to have retro¬ 
graded than improved, while the endless invention 
of new modes of defence in our domestic arrange¬ 
ments, has made the contrast still greater. No 
author has dwelt so much on the consequences 
of these luxurious habits in predisposing to asth¬ 
ma, as Withers, whose observations are most 
pertinent, and well merit the attention of the 
reader. (See his Treatise on Asthma.) It is 
frequently by inducing this sensibility to the im¬ 
pression of cold, and by thus predisposing to 
catarrh, that dyspepsia lays the foundation of 
asthma. Many other of the remote causes of 
asthma operate in the same manner, and among 
these, certain mental states, particularly the de¬ 
pressing passions. Sedentariness and seclusion, 
the natural consequences of grief and melancholy, 
give rise to dyspepsia, and dyspepsia induces the 
languid circulation in the skin, extremities, and 
mucous membranes, which seems to be the im¬ 
mediate cause of the increased sensibility to cold. 

II. Bxcitlng causes.—Under this head must 
be comprehended all such circumstances as have 
been known immediately to induce a paroxysm, 
whether in the predisposed or not. These are 
extremely numerous and various." Joseph Frank 
alone enumerates upwards of forty, and it is but 
justice to this learned and indefatigable writer to 
slate that he gives his authority in every case. 
(Prax. Med. Univ. Pars ii. vol. vii. p. 386.) Our 
countryman Willis, in general and more pithy 
terms, conveys nearly the same information when 
he informs us that “ asthmatics can bear nothing 
violent or unusual. From excess of heat or cold, 
from any great bodily exertion or mental emotion, 
from change of season or of weather, from errors, 
even of a slight kind, in the non-naturals, and 
from a thousand things besides, they fall into fits 
of dyspnoea.”* By far the most common and 
most important of these cases, we consider to be 
the application of cold, or, at least, one or more 
of those circumstances, whatever they may be, 
which, in ordinary cases, produce catarrh. Al¬ 
though it will appear from what is gone before 
that we do not deny the existence of cases of 
asthma of a purely nervous kind, and altogether 
independent of any permanent local affection of 
the bronchial membrane, we are decidedly of 
opinion that they constitute an extremely small 
proportion of the cases met with in practice. And 
we are further of opinion that out of the immense 
majority of cases of asthma from other causes, 
nine-tenths are complicated with some form of 
catarrh, or, at least, with a morbid susceptibility 

♦Asthmatici nihil violentuni aunt inassuetiim ferre 
pqssunt; li frigoris vel caloris excesaii, a veheinenti quo- 
vis corporis aunt aninni iiiotu, ab aeris aunt anni muta- 
tionibus quibusque magnis, ab erralis vel levioribiis 
circa res non naturales, iino propter milie alias occasio- 
nes in dyspnoex paroxysmos incidunt. — Dt Medicam. 
Opir. p. 209. 


of the bronchial membrane to be affected by cold. 
In this very numerous class of cases, then, all 
those circumstances which induce catarrh, and 
which may generally be considered as some form 
or modification of cold, applied to the whole body 
or to a part of it, must be understood to be the 
usual exciting causes of the asthmatic paroxysm. 

[Yet in regard to the exciting causes, there are 
some which induce asthma, and can scarcely be 
considered amongst the causes of catarrh. In 
general, a cold and dry air suits the asthmatic, but 
there are singular differences in this respect. 
Closing a door has been known to bring on a 
paroxysm; and, with some, darkness increases 
the violence of tlie attacks. One cannot bear 
smoke; another exists better in a smoky apart¬ 
ment. (Dunglison’s Practice of Medicine, 2d 
edit. i. 327 : Philad. 1B44.)] 

All practical writers on asthma lay great stress 
on this exciting cause, but none with such pre¬ 
cision and effect as Withers, Ryan, and Watt. 
The latter author in particular, in a short but 
most valuable essay published in his Treatise on 
Diabetes, has very strikingly and beautifully illus¬ 
trated the subject. In several cases there recorded, 
he has pointed out, with the greatest minuteness 
and perspicuity, the gradual influence of the cause, 
from the first impression of the cold up to the in¬ 
vasion of the paroxysm. (Cases of Diabetes, &c. 
p. 254. Glasgow, 1808.) Ryan had previousl}" 
made the same observation, and applied it to prac¬ 
tical purposes of the greatest importance. (Ob¬ 
servations on Asthma, p^ 40. IiondOn, 1793.) In 
these opinions our own- experience leads us fully 
to concur; almost every case of asthma which 
we have met with being traceable to- the usual 
causes of catarrh, and most of them- being ad¬ 
vantageously treated only on the principles which 
regulate the practice in that disease; 

Treatnieut oT Asthma.—In this, as in other 
diseases, the attainment of a just pathology would 
wonderfully abbreviate the labour of therapeutical 
prescription. In the writings of the older authors, 
who were, in general, guided either by empirical 
views or by fanciful theories- of disease, we find 
no end to the array of medical formulae, until 
every thing that had been put on record by their 
predecessors, or had been imagined by themselves 
or their contemporaries, as useful or likely to be 
useful in the individual disease-under considera¬ 
tion, has been displayed at full length. In our 
own days, and in the diseases of the nature of 
which we have acquired some accurate views, a 
few general precepts will convey to those ac¬ 
quainted with the general principles of thera¬ 
peutics all that we have to deliver respecting the 
treatment of a disease. Wo have not yet attained, 
in the case of asthma, to a pathology perfect in all 
its parts ; yet we trust that enough has been re¬ 
corded in the preceding pages to permit us to be 
more brief in- the delivery of our practical precepts 
than some of our predecessors. 

In entering upon this part of our subject, it is 
desirable that the reader keep constantly in mind 
that almost every thfng in the succeeding pages 
respecting the treatment of asthma applies exclu¬ 
sively to the chronic forms of that disease. It 
will be recollected that the disease termed acute 
asthma is either a variety of bronchitis, or a -violeol 
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effects of astringents by acting chemically on the 
contents of the stomach and intestines, very few 
remarks will suffice. Both lime and its carbonate, 
or chalk, operate in checking diarrhoea by neutral¬ 
izing the ascescent matters which augment the 
irritability of the intestines, and keep up their 
morbidly increased peristaltic movement. Owing 
to the little solubility of pure lime, chalk, rubbed 
up with mucilage of gum so as to suspend it in 
any fluid, is preferred in cases of diarrhoea. It is 
incompatible with vegetable infusion containing 
much tannin, and with preparations of ipecacu¬ 
anha. When it is necessary to continue the use 
of the chalk mixture for some time, the bowels 
should be cleared with a purgative, as accumula¬ 
tions in the form of hard balls are apt to take 
place in them, and, lodging in the folds of the 
intestines, to cause much inconvenience and, occa¬ 
sionally, hazard. 

[The agents, considered thus fur, may be re¬ 
garded as direct astringents ; but profuse evacua¬ 
tions may be connected with different states of the 
living system, so that agents, possessed of no 
astringent properties, may check them or produce 
an astringent operation indirectly. Hence, there 
may be direct and indirect astringents, as there 
are direct and indirect tonics. Opium, for exam¬ 
ple, by allaying the augmented peristole in diar¬ 
rhoea, may exert an action of astringency, and 
diminish the number of discharges : accordingly, 
it is often had recourse to in such cases. Again, 
the increased discharges of dysentery are induced 
by an inflammatory condition of the mucous coat 
of the intestines ; bleeding, therefore, by allaying 
this inflammation, and castor-oil,—given occasion¬ 
ally, so as to remove gently the morbid secretions, 
—by taking away the cause, may check the effects. 
A predominance of acidity in early infancy lays 
the foundation for many of the bowel complaints, 
which are so common at that age, and keeps them 
up when once established. A proper antacid, as 
before observed, by neutralizing the acid, takes 
away the cause, and thus becomes an indirect 
astringent. (The writer’s Gene^'al Therapeutics 
and Mat, Med. ii. 96, Philad. 1843.)] 

In a therapeutical and practical point of view, 
astringents, when administered on proper princi¬ 
ples, are a valual)le class of remedies. In inter¬ 
mittent fevers, the vegetable astringents have been 
successfully employed in the same manner as 
simple tonics. We can form no other idea of the 
manner in which they prove beneficial than by 
supposing, that they obviate the relaxation which 
favours the influence of the exciting causes of 
agues. On this account it has been asserted that 
tonics and astringents operate in every respect in 
a similar manner; but many tonics, such, for in¬ 
stance, as sulphate of quinia, possess no astrin¬ 
gency, and nevertheless are useful in intermittents; 
and it must be admitted that, as pure astringents 
are seldom or never given alone in intermittents, 
it is difficult to ascertain how much of the benefit 
is due to their influence. 'J'hey are employed in 
continued fevers only to moderate incidental diar- 
rheea and internal hemorrhages. 

In the phlegmasiffi, astringents are contra-indi¬ 
cated as general remedies; but in that state of 
inflammatory action which assumes a chronic 
character, and is kept up by debility and increased 


nervous excitability, such as occurs in the eye and 
in the tonsils, they are local remedies of conside¬ 
rable value. Solutions of the metallic salts, and 
infusions of astringent vegetables, with the addi¬ 
tion of diluted sulphuric acid, are well adapted for 
these cases. Indeed, after inflammatory action 
has been subdued by the use of the lancet and 
other antiphlogistic measures, the application of 
cold and astringent solutions tends greatly to 
restore the healthy action of the part. 

[In diphtheritic affections of the throat, a solu¬ 
tion of nitrate of silver has been found of great 
benefit; and in cases of diphtheritic laryngitis, the 
inhalation of finely powdered alum has been mark¬ 
edly advantageous. Not only—according to Laen- 
nec—has it afforded great and speedy relief in tra¬ 
cheitis, but in laryngitis isthmitis, and pharyngitis.] 

No remedies are so important in the hemorrha- 
gice as astringents ; but they are not to be indis¬ 
criminately prescribed, or at all times employed : 
it is, therefore, necessary, to inquire what are the 
circumstances indicating their use in these cases ^ 
Hemorrhages are properly divided into active and 
passive. In the first or active kind, the flow of 
blood generally arises from a plethoric condition 
of the vascular system; and it may, in some 
respects, be regarded as an effort of nature to 
relieve the morbid fulness of the vessels. In this 
form of hemorrhage, tonic astringents are improper; 
and even those exerting a sedative influence should 
not be resorted to until the vessels be either emp¬ 
tied spontaneously or by the use of the lancet. 
In passive hemorrhages the animal fibre is relaxed, 
the red particles of the blood are diminished, and 
diffused in a superabundance of serum, so that the 
blood assumes a pale watery aspect; while the 
system suffers from general debility. In this state, 
astringents arc decidedly indicated, and may be 
liberally employed. Although these opposite 
states appear very obvious in description, yet 
much judgment and attentive observation are requi¬ 
site to distinguish them on many occasions. If 
we take, for example, epistaxis, let us enquire, 
what are the peculiar symptoms which clearly 
indicate the employment of astringents f When 
bleeding takes place from the nostrils of young 
persons of a plethoric habit, it may be critical, or 
connected with congestions, or a determination of 
blood to the head. In this state the hemorrhage 
should not be checked by astringents, unless it is 
so profuse and long continued as greatly to lower 
the pulse, to produce pallor of the countenance, 
and exhaust the general strength. On the con¬ 
trary, when epistaxis happens in weak boys or 
youths, or in old persons; or when it is sympto¬ 
matic of diseased liver, or some other internal 
organ ; then astringents may be at once adminis¬ 
tered to check the direct loss of blood, whilst other 
means are resorted to for removing the exciting 
causes of the hemorrhage. The best astringents 
in these cases are solutions of metallic salts and 
of alum : they may be either injected into the 
nostrils, or dossils of lint soaked in an astringent 
solution may be inserted ; while at the same time 
cold water is applied to the face and nape of the 
neck. 

In haemoptysis, if the excitement be considerable, 
the lancet must be employed, after which the 
application of cool air, cold water, or ice to the 
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DUMGLISON'S PRACTICE, 

SECOND EDITION. 

A NEW EDITION, TO 1844, 

OF 

THE PRACTICE OF MEDICINE; 

A TREATISE 

ON 

SPECIAL PATHOLOGY AMD THERAPEUTICS. 

SECOND EDITION. 

BY ROBLEY DUNGLISON, M. D., 

Professor of the Institutes of Medicine in the Jefferson Medical College, Lecturer on Clinical Hredicine, 
Attending Physician at the Philadelphia Hospital, &c. 

In two large oetavo volumes, of over thirteen hundred pages. 

Notwithstanding the short period in which this work has been before the profession, it is so 
universally known throughout the country, and so extensively used as a text-book in Ihe Medical 
Colleges, that, in presenting this new and much improved edition, the publishers have only to call 
attention to the author’s preface. 

“ It iff scarcely necessary for the author to say, thpt the extraordinary sale, which the first edi- 
tion of this work has met with, is most gratifying to him. It sufficiently satisfies him, that the 
large amount of labour and reflection, which he bestowed upon if, has been found serviceable to 
his medical brethren, and more especially so, perhaps, to those who are engaged in the study of 
their profession. 

“Grateful for this result, the author has endeavoured to render the present edition still more 
useful, by adding whatever of importance has transpired in the short period that has elapsed 
since the first edition was published, and by supplying omissions, which were almost inevitable 
in the first impression of a work in which so many subjects are treated of. 

“ It has been pleasing to the author to observe the favourable manner in which the work has 
been noticed by almost all the Journals of Medicine, which have received it at home and abroad; 
and where criticisms have been occasionally made, they have generally been rather against the 
plan than the manner of execution. That plan was adopted from a full and deliberate convic¬ 
tion of its advantages, and it is, therefore, adhered to in the present edition without modification. 

“ The solid testimony, which the Profession have afforded in favour of the work will incite the 
author to untiring exertion to render every succeeding edition more and more valuable.” 

THE PUBLISHERS ANNEX A CONDENSED STATEMENT OF THE 

CONTENTS. 

Diseases of the Mouth, Tongue, Teeth, Gums, Velum Palati and Uvula, Pharynx and (Eso¬ 
phagus, Stomach, Intestines, Peritoneum, Morbid Productions in the Peritoneum and Intes¬ 
tines.—Diseases of the Larynx and Trachea, Bronchia and Lungs, Pleura, Asphyxia.—Morbid 
Conditions of the Blood, Diseases of the Heart and Membranes, Arteries, Veins, Intermediate 
or Capillary Vessels,—Spleen,Thyroid Gland, Thymus Gland, and Supra Renal Capsules, Mesen¬ 
teric Glands,—Salivary Glands, Pancreas, Biliary Apparatus, Kidney, Ureter, Urinary Bladder. 
—Diseases of the Skin, Exanthematous, Vesicular, Bullar, Pustular, Papular, Squamous, Tuber¬ 
culous, Maculae, Syphilides.— Organic Diseases of the Nervous Centres, Neuroses, Nerves.— 
Diseases of the Eye, Ear, Nose.—Diseases of llie Male and Female Organs of Reproduction* 
—Fever.—Intermittent, Remittent, Continued, Eruptive, Arthritic, Cachex, Scrofulous, Scorbutic, 
Chlorotic, Rhachitic, Hydropic, and Cancerous. 
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WATSON’S PRACTICE OF MEDICINE. 

LECTURES 

ON THE 

PRINCIPLES AND PRACTICE OF PHTSIC. 

DELIVERED AT KING’S COLLEGE, LONDON. 

BY THOMAS WATSON, M. D. 

Fellow of the Rottal Collbob or Phtsicianb, Phtsician to trb Middlesbz Hospital, &o. &c. 

In one large octavo volume, of over nine hundred unusually large pages, well 
bound in leather. Containing ninety lectures. 

This volume has mot with the universal approbation of the medical press, so far as it h yet been 
expressed, in a manner rarely enjoyed by so comprehensive a work. The publishers submit a few extracts. 


‘‘For our parts, we are not only wilting that our characters as scientific physicians and skilful practitioners 
may be deduced from doctrines contained in this volume, but we hesitate not to express our belief, that for sound, 
trustworthy principles, and good substantial practice, it cannot be paralleled by any similar work in any other 
country, we would advise no one to set himself down in practice unprovided with a copy.”—HrtltsA and 
Foreign Medical Revieto. 

“ We have here the sterling production of a liberal, well-stored, and truly honest mind, possessed of all that is 
currently known and established of professional knowledge, and capable of pronouncing a trustworthy and 
impartial judgment on those numerous points in which truth is yet obscured by false hypotheses.”—Prortww'oZ 
Med Joitmal. 

“ Open this huge, well furnished volume where we may, the eye immediately rests on something that carries 
value on its front. We are impressed at once with the strength and depth of the lecturer’s views. He gains 
on our admiration in proportion to the extent of our acquaintance with his profound researches. Whoever owns 
this book, will have an acknowledged treasure if the combined wisdom of the highest authorities is appreciated.” 
Boston Med. and Surg Journal. 

“ We know of no other work better calculated for being placed in the hands of the student, and for a text¬ 
book, and as such we are sure it will be very extensively adopted. On every important point, the author seems 
to have posted up his knowledge to the day .”—American Medical Journal. 

“ We know not, indeed, of any work of the same size that contains a greater amount of useful and interest¬ 
ing matter. We ere satisfied, indeed, that no physician, well-read and observing as he may be, can rise from 
its perusal without having added largely to his stock of valuable information .”—Medical Examiner. 

“ It is an admirable digest of general pathology and therapeutics. As a text book for medical schools, it can¬ 
not be surpassed, and in no other treatise can practitioners find so concise, and at the same time so complete a 
summary of the present state of the science of medicine.”—Ha/ftwore Patriot. 

‘‘One of the most practically useful books that ever was presented to the student—indeed, a more admirable 
summary of general and special patholoey, and of the application of therapeutics to diseases, we are free to say 
has not appeared'for very many years. The lecturer proceeds through the whole classification of human ills, a 
capite ad caleem, showing at every step an extensive knowledge of his subject, with the ability of communicat¬ 
ing his precise ideas, in a style remarkable fur its clearness and simplicity.'”—N. Y Journal of Medicine, ^c. 

“ The style is correct and pleasing, and the matter worth the attention of all practitioners, young and old.”— 
Western Lancet. 

In order to insure to this volume ns wide a circulation ns it is entitled to by its merits, the 
publishers liave put it at a price within tiie reach of all. It recommends itself to practitioners as 
well as students, to the owners of other works on practice, as well as those without—something 
new can be gleaned by all from its well-stored p.ages. 


TWEEDIPS LIBRARY OF PRACTICAL MEDICINE, 

A SYSTEM OF PRACTICAL MEDICINE. 

Comprised in a Series of Original Dissertations, arranged and edited by 
Alexander Tweedie, M. D., F. R. S., &c., 8cc. 

With notes and addition.^, by W. W- Gerhard, M. D., &c. 

SECOND AMERICAN EDITION, 

In three volumes octavo. 

The design of this work is to supply the want, generally admitted to exist in the medical literature of Great 
Britain, of a comprehensive System of Medicine, embodying a condensed, yet ample view of the present state of 
the science. The desideratum is more especially fell by the Medical Student, and by many Members of the 
Profession, who, from their avocations and other circumstances, have not the opportunity of keeping pace with 
the more recent improvements in the most interesting and useful branch of human knowledge. To supply this 
deficiency is the object of The Library op Mbmcinb ; and the Editor expresses the hope, that with the assist¬ 
ance with which he has been favoured by Contributors, (many of great eminence, and all favourably known 
to the Public,) he has been able to produce a work, which will form a Library of General Reference on Theo¬ 
retical and Practical Medicine, as well as a series of Texi-Books fur the Medical Student. 
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A PRACTICE OF PHYSIC, Comprising most of the diseases not treated of in “Diseases of Females” and 
“ Diseases of Children.” By William P. Dewees, M. D., &c. &c. Second edition, in one large 8vo. volume. 
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HORNER’S ANATOMY. 


SPECIAL ANATOMY AND HISTOLOGY. 

BY WILLIAM E. HORNER, M. D., 

Professor of Anatomy in the University of Pennsyivania, Member of the Imperial Medico-Chirurgical 
Academy of St. Petersburg, of the Am. Philosophical Society, Ac. Ac. 

Sixth edition, in two volumes, 8vo.. 

“ Another edition of this standard work of Professor Horner has made its appearance to which many addi¬ 
tions have been made, and upon which much labour has been bestowed by the author. The additions are chiefly 
in the department of Histoloey, or Elementary Anatomy, and so important are they that the Professor has 
added the term to the title of his work. Every part of this edition seems to have undergone the most careful 
revision, and its readers may rest assured of having the science of Anatomy fully brought up to the present 
day.”— jJbi Med. Journal. 

An Atlas that may accompany this work or be sold separate is now preparing.—Acs Advertisement. 

WILSON’S HUMAN ANATOMY. 


A SYSTEM OF HUMAN ANATOMY, 
GENERAL AND SPECIAL, 

BY ERASMUS WILSON, M.D., 

Lecturer on Anatomy, in King’s College, London. 

EDITED BY PAUL B. GODDARD, M.Dt, 

PROFESSOR OF ANATOMY IN THE MEDICAL INSTITUTE OF PHILADELPHIA, &C. &,C. 

WITH ONE HUNORED ANO SEVENTY ILLUSTRATIOIK ON WOOD. 

Engraved by Gilbert from designs by Bagg. 

In one volume octavo, beautifully printed. 

“An elegant edition of one of the most useful and accurate systems of Anatomy, which has been issued 
from the press. The illustrations are really beautiful, and their execution reflects the highest credit on the 
able American artist wlio copied them for this edition of the work. In its style the work is extremely con¬ 
cise and intelligible. Dr. Goddard has added a number of valuable notes, and made some judicious altera¬ 
tions of names. No one can possibly take up this volume without being struck with the great beauty of its 
mechanical execution, and the clearness of the descriptions which it contains is equally evident. Let stu¬ 
dents by all means examine the claims of this volume on their notice, before they purchase a text-hook of 
the vitally important science which it so fully and easily unfolds.”— Lancet. 

W I L S ON’S DISSECTOR. 

THE DIRECTOR, 

OR 

PRACTICAL AND SURGICAL ANATOMY. 

BY ERASMUS WILSON, M.D., 

AUTHOR OF “a SYSTEM OF HUMAN ANATOMY,” &C. 

With one hundred and six illustrations, modified and re-arranged by 

PAUL B. GODDARD, M.D., 

DEMONSTRATOR OF ANATOMY IN THE UNIVERSITY OF PENNSYLVANIA, &C. 

In one volume, royal 12mo. 

‘‘Those who pursue their labours by this monitor will speedily discover its merits as a plain, safe direc¬ 
tor; and it is only necessary to use it half an hour to And that we are furnished with an improved edition of 
an excellent work.”— Boston Medical and Surg, Journal. 

“The high reputation which Mr. Wilson has acquired, by his valuable system of anatomy, wilt secure a 
favourable reception for the present work. As modified and re arranged by Dr. Ooddarri, it is well suited to 
the wants of the American student of anatomy, and is an excellent guide for him in the dissecting room. It 
is very copiously illustrated with wood cuts, which will greatly facilitate the labours of the student in ac¬ 
quiring what must be regarded as the essential basis of our science—a knowledge of anatomy.”— Am. Med. 
Journal. 

“It strikes us as being all that a “Dissector” should be. The wood cuts are numerous, and will afibrd 
tile student the most essential aid in the dissecting mom."—Western Journal of Med. 4* Surgery. 

“ In this work we have another valuable aid to the student of practical anatomy.”-JV*. Y. Journal of 
Medicine. 
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SMITH AND HORNER’S 

ANATOMICAL ATLAS. 

LEA and BLANCHARD are now Publishing^ 

Air 

AMATOMEOAIL A'iPIL AS 0 

ILLUSTRATIVE OF THE STRUCTURE OF THE HUMAN BODY. 

By henry H. smith, M. D. 

Fellow of the Cdllege of Physioians, Member of the Philadelphia Medical Society, &c., &c. 

UNDER THE SUPERVISION OF 

WILLIAM E. HORNER, M.D. 

Professor of Anatomy in the University of Pennsylvania, &c. &c. 

This Work is to be in FIVE PARTS, and will, when complete, form 
one large imperial Octavo Volume. The price will not be over 

SIX DOLLARS, BOUND, 

And will contain a Complete Series of FlateSf 

Illustrative of the Bones; Ligaments; Muscular, Dermoid and Nervous 
Systems; Arteries; Lymphatics; Veins; Viscera; &c.; with between 

Six and Seven Hundred Engrraving^s on Wood 

Executed in the very first style of Art. 

Parts T. and II. have been published, containing the Bones and Liga¬ 
ments, and the Muscular and Dermoid Systems, illustrated by over 
Two Hundred and Twenty Engravings on Wood, by Gilbert. The greater 
portion of them after Original Drawings by Pinkerton. 


Tliis work possesses novelty both in the design and the execution. It is the first attempt to apply engraving 
on wood, on a large scale, to the illustration of human anatomy; and the beauty of the two parts already issued, 
induces the publishers to flatter themselves with the hope of the perfect successor their undertaking. The plan 
of the work is at once novel and convenient. Each page is perfect in itself, the references being immediately 
under the figures, so that the eye takes in the whole at h glance, and obviates the necessity of continual reference 
backwards and forwards. The cuts are selected from the best and most accurate sources; and, where necessary, 
original drawings have been made from the admirable Anatomical Collection of the University of Pennsylvania. 
It will also embrace all the late beautiful discoveries arising from the use of the microscope in the investigation 
of the minute structure of the tissues. 

In the getting up of this very complete work, the publishers have spared neither pains nor expense; and they 
now present it to the Profession, with the full confidence that it will be deemed all that is wanted in a scientific 
and artislical point of view, while, at the same lime, its very low price places it within the reach of all. 

It is particularly adapted to supply the place of skeletons or subjects. 


“This is an exquisite volume, and a beautiful specimen of art. We have numerous Anatomical Atlases, but 
we will venture to say that none equal it in cheapness, and none surpass it in faithfulness and spirit. We 
stronaly recommend to our friends, both urban and suburban, the purchase of this excellent work, for which 
both editor and publisher deserve the thanks of the profession.”—Afedicaf Examiner. 

“ We would strongly recommend it, not only to tbe student, but also to the working practitioner, who, although 
grown rusty in the toils of his harness, still has the desire, and often the nece-ssity, of refreshing his knowledge 
in this fundamental part of the science of medicine.”—iVetc York Journal of Medicine 

“ The plan of this Atlas is admirable, and its execution superior to any thing of the kind before published in 
this country. It is a real labour-saving affair, and we regard its publication as the greatest boon that could be 
conferred on the student of anatomy. It will be equally valuable to the practitioner, by affording him an easy 
means of recalling the details learned in the dissecting-room, and which are soon forgotten.”— American Jowm. 
of the Med Sciences. 

“The second paritifDrs. Smith and Horner’s Anatomical Atlas, in point of interest of subject and execution 
of the engravings, is even more valuable and attractive than the first, much as that led us to expect Rich aids 
to physiological inquiry will be found in the microscopical views of the cellular and adipose tissues, and of the 
epidermis, rete mucosum, cutis vera, papillse, the sebaceous and perspiratory organs of the skin, the perspiratory 
glands and hairs of the skin, the hairs and nails, and the general anatomy of the muscles. The muscles them¬ 
selves are delineated with all the distinctness ofa fine dissection We cannot, taking the two numbers of the 
Anatomical Allas before us as evidence of the execution of the entire work, too strongly recommend it to 
readers and the medical public at large.”— Bulletin qf Medical Science. 

Specimens exhibiting the plan and execution of the work will be sent 
by mail or otherwise as may be directed on application free of postage. 
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PHYSIOLOGY AND PATHOLOGY. 


A NEW ED ITIO N, TO 1844. 

HUMAN PHYSIOLOGY: 

WITH UPWARDS OF THREE HUNDRED ILLUSTRATIONS. 

By ROBLEY DUNGLISON, M.D. 

Profesflor of the Institutes of Medicine in Jeiferson Medical College, Fhilada., etc. etc. 

FIFTH EDITION, 

GREATLY MODIFIED AND IMPROVED. 

In Two Volumes of 1304 large Octavo Pages^ 

Although but a short time has elapsed since the appearance of the last edition of this 
standard work on Physiology, the labours and discoveries in that branch of science have 
been so diversified and important, that extensive additions have become necessary in the 
present edition. Besides the numerous monographs and minor treatises that have appeared 
from time to time, in the various scientific Journals and Transactions of learned Societies, 
reference has been made to the large and valuable works of Valentin, Bischoff, Henle, Wil- 
brand, J. Mailer, Wagner, Mandl, Gerber, Liebig, Carpenter, Todd and Bowman, and others, 
and all the results of their interesting and important investigations will be found embodied 
in its pages. 

The illustrations have also undergone a material change. More than ninety new cuts 
have been added, chiefly to elucidate subjects now first introduced into this edition; many 
of the former cuts have been replaced by those much superior, and the rest have been 
thoroughly retouched and improved, altogether making this the most completely illustrated 
treatise on Human Physiology that has ever been attempted in this country. In short, the 
publishers believe that, both in matter and execution, this work will be found fully brought 
up to the day. 

carpenter¥1physi^ 


PRINCIPLES OF HUMAN PHTSIOLOGV, 

With their chief applications to Pathology, Hygiene, and Forensic Medicine. Especially 
designed for the use of Students. 

W'Uh over One Hundred heauHful Mtiustrations on IVood. 

BY william B. CARPENTER, M.I)., 

LECTURER ON PHYSIOLOGY IN THE BRISTOL MEDICAL SCHOOL. 

FIRST AMERICAN EDITION, WITH NOTES BY THE AUTHOR, AND NOTES AND ADDITIONS 

BY MEREDITH CLYMER, M.D., 

In one volume, octavo. 

O’ This edition of Carpenter’s Physiology has been most carefully prepared by Dr. Clymcr» 
at the request of Professor Jackson, for his lectures at the University of Pennsylvania. 

The Author remarks in his Preface—“It has been his object to place the reader in possession of the high¬ 
est principles that can be regarded as hrinly established, in each department of the science; and to explain 
and illustrate these, by the introduction of as many important facts as could be included within moderate 
limits. In every instance, he has endeavoured to make his statements clear and precise, without being for¬ 
mal and dogmatical; and definite enough to admit of practical application, without appearing to be unim¬ 
provable by further inquiry.’’ 

BIULLER’S PHrSIOLOgy. 

ELEMENTS OF PHYSIOLOGY. 

BY JOHN MULLER, M.D., 

Professor of Anatomy and Physiology in the University of Berlin. 

TRANSLATED FROM THE GERMAN, BY W. BALY, M.D. 

Arranged from the 2d London edition by John Bell, M. D., ifec. 

In one volume octavo, of nearly nine hundred pages. 
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WILLIAMS^ PATHOLOGY. 

(•/^ New Work.) 

( PRINCIPLES OF MEDICINE, 

'COMPRISING 

GENERAL PATHOLOGY AND THERAPEUTICS, and a general view of 
ETIOLOGY, NOSOLOGY, SEMBIOLOGY, DIAGNOSIS AND 
PROGNOSIS. 

BY CHARLES J. B. WILLIAMS, M.D., F.R S. 

JFELLOW OF THE ROYAL COLLEGE OF PHYSICIANS, ETC. 

WITH ADDITIONS AND NOTES 

BY MEREDITH CLYMER, M.D. 

LECTURER ON THE INSTITUTES OF MEDICINE, ETC. BTC. 

In one volume 8vo, 

“ Such a work, at least so far as English literature isconcerned, was clearly demanded, and the importance 
of the subject, toceiher with the high character of the author, should ensure for it a careful perusal by every 
practitioner."— Western Lancet, 

“Such a work, then, as that of Professor Williams, embodying, as it does, a full account of the recent 
additions to our knowledge, and bringing the subjects of general pathology and therapeutics iipto the present 
state of medicine, cannot fail to be in the highest degree useful, both as aclass book to the student, and as a 
work of rcference to the practitioner. 

“The entire work is one of no ordinary ability, and well sustains the reputation which its author has 
already acquired.”— Provincial Med. Journal, 

“This work supplies a deficiency long fell by the profession—the want of an elementary treatise on gene¬ 
ral pathology. The author has had extensive experience at the'bed side, and has drawn chiefly from his own 
obeervatioii of disease, as he has witnessed it in hospitals and private practice during the l.tst twenty years. 

“ The subject of inflammation occupies many pages of this work. The manner in which it is treated cannot 
fail to excite the admiration of the intelligent reader. We earnestly recommend this, as every other part of 
Dr. Williams’ excellent Principles of Pathology, to ihe diligent perusal of every physician who is not familiar 
with the accessions which have been made to medical science within the last few yeara,”— Western Journal 
of Medicine and Surgery. 


KOGET’S OUTLINES OF FHUSlOLOaV. 

WITH AN APPENDIX ON PHRENOLOGY. BY PETER MARK ROOET, M.D., Ac. Ac. 
In one volume, octavo. 


ROGET’S FHVSIOXiOGT. 

ANIMAL AND VEGETABLE PHYSIOLOGY, considered with reference to Natural Theology. By PETER 
MARK ROGET, M D., second American edition. In two volumes, octavo, with nearly FIVE HUN¬ 
DRED engravings on wood. * 


CARPENTISR’S VEGETABLIS FH VSIOLOGV. 

A POPULAR TREATISE ON VEGETABLE PHYSIOLOGY. Published under the auspices of the So- 
ciety for the promotion of Popular Instruction. With iiuiuerous cuts. By W. B. CARPENTER, M.D. 
author of Human Physiology, in one volnine, royal 12mo. 


BILLING’S PRINCIPLES OF MEDICINE. 

FIRST PRINCIPLES OP MEDICINE. By ARCHIBALD BILLING, M.D., A.M. Ac. Revised from the 
fourth London edition. In one small 8vo. volume. 

ALLISON’S PATHOLOGY, 

A NEW WORK. 

OUTLINES 0~F ~PATHOLOGY 

AND 

PRACTICE OF MEDICINE. 

BY 

WILLIAM PULTENEY ALLISON, M. D., 

Professor of the Practice of Medicine in the University of Edinburgh, Ac. Ac. 

In three Parts—Part I.—Preliminary Observations—Part IT.—Inflammatory and Febrile 
Diseases, and Part III., Chronic or Non-Febrile Diseases. 

In one volume octavo. 
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MIDWIFERY, DISEASES OF WOMEN, CHILDREN, &c. 


RAMSBOTHAM’S MIDWIFERY. 


THE PRINCIPLES AND PRACTICE 

OF 

OBSTETRIC MEDICINE AND SURGERY. 

IN REFERENCE TO THE 

PROCESS OF PARTURITION. 

ILLUSTRATED BY ONE HUNDRED AND FORTY-TWO FIGURES, ON §2 PLATES. 

BY FRANCIS H. RAMSBOTHAM, M. D, 

PHYSICIAN TO THE ROYAL MATERNITY CHARITY, &c. &c. 

SECOND AMERICAN EDITION, REVISED. 

In one volume, imperial octavo. 

We// and strong/y hound in /eat/ier, at a /oio price. 

This work has met with almost unexampled approbation from the medical press of England and this coun* 
try. From among these numerous commendations the publishers append a few, and would particularly call the 
attention of the medical profession to the numerous plates which form a most important feature in the volume. 
The great expense they nave incurred in its production, calls for an extended sale, which thus far has been 
commanded, as may be seen from the fact of a second edition having been required within a year after the pub- 
lication of the first. 

“ It is the book on Midwifery for students: clear, but not too minute in its details, and sound in its practical 
instructions It is so completely illustrated by plates (admirably chosen and executed) that the student must 
be stupid indeed who does not understand the details of this branch of the science, so far at least as description 
can make them inielligible.”— Dublin Journal Medical Science. 

“ We strongly recommend the work of Dr. Ramsboiham to all our obstetrical readers, especially to those who 
are entering upon practice. It is not only one of the cheapest, but one of the most beautiful works in Mid¬ 
wifery.”— British and Foreign Medical Review. 

“We feel much pleasure in recommending to the notice of the profession one of the cheapest and most elegant 
productions of the medical press of the present day. The text is written in a clear, concise, and simple style. 
VVe offer our most sincere wishes that the underiaking may enjoy all the success which it so well merits.”— 
Dublin Medical Press. 

“ This is one of the most beautiful works which has lately issued from the medical press; and is alike credit¬ 
able to the talents of the Author and the enterprise of the publisher. It is a good and thoroughly practical trea¬ 
tise; the different subjects are laid down in a clear and perspirunus form, and whatever is of ruiportance is illus¬ 
trated by first rate engravings. A remarkable feature of this work, whkh ought to be mentioned, is its 
extraordinary cheapness. As a work conveying good, sound, practical precepts, and clearly demonstrating the 
doctrines of obstetrical science, we can confidently recommend it either to the student or practitioner.”— 
Edinburgh Journal qf Medical Science. 

“ Dr. Ramsboiham has treated the subject in a manner worthy of the reputation he possesses, and has suc¬ 
ceeded in forming a book of reference for practitioners, and a solid and easy guide for students. Looking at the 
contents of the volume, and its remarkably low price, we have no hesitation in saying that it has no parallel 
in the history of publishing.”—Pr<wjn«'a( Medical and Surgical Journal. 

“ We most earnestly recommend this work to the student who wishes to acquire knowledge, and to the practi¬ 
tioner who wishes to refresh his memory, as a most faithful picture of practical Midwifery; and we can with justice 
say, that altogether it is one of the best books we have read on the subject of obstetrical medicine and surgery.” 
— Medico-Chirurgical Review. 


DEWEES’S SYSTEM OF MIDWIFERY. 


A COMPREHENSIVE SYSTEM OF MIDWIFERY. 

CIIIEF1.T DESIGItEB TO FACILITATE THE INaUIHIES OF THOSE WHO MAX BE PUHSUINO 
THIS BRANCH OF STUDX. 

ILLUSTRATED BY OCCASIONAL CASES AND MANY ENGEIVINGS. 

Tenth Edition, with the Author’s last Improvements and Corrections. 

BY WILLIAM P. I^EWEES, M. D. 

Late PaorBssoR ov Midwipert in the Univbrsitt op Pennsylvania, Ac. 

In one volume, dvo. 


A TREATISE ON THE DISEASES OF FEMALES, BY WILLIAM P. DEWEES, M.P., late Professor 
of Midwifery in the University of Pennsylvania, Ac. Ac. 

Eighth edition, revised and corrected, in one volume, 8vo., with plates. 
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CHURCHILL’S MIDWIFERY. 


ON THE THEORY AND PRACTICE OF MIDWIFERY, 

BY FLEETWOOD CHURCHILL, M.D., M. R. I. A. 

PHYSICIAN TO THE WESTERN LYINQ-IN HOSPITAL, ETC. ETC. 

WITH NOTES ANH AHOITIONS 

BY ROBERT HUSTON, M.D., 

Professor in the JcfFerson Medieal College, &c. &c. 

AND ONE HUNDRED AND SIXTEEN ILLUSTRATIONS, 

Engraved by Gilbert from drawings by Bagg and others. 

In one volume octavo. 

This work commends itself to the notice of the profession from the high reputation of the author and 
editor, and the number and beauty of its illustrations. Besides accurate directions for 

THE PRACTICE OF MIDWIFERY, 

a portion of the work is also devoted to 

THE PHYSIOLOGY AND PATHOLOGY 

connected with that essential branch of medical knowledge. 

“ It is impossible to conceive a more useful or elegant manual; the letter-press contains all that the prac¬ 
tical man can desire ; the illustrations are very numerous, well chosen, and of the most elegant description, 
and the work has been brought out at a moderate price."—Provincial Med. Journal. 

“ We expected a first rate production, and we have not been in the least disappointed. .Although we have 
many, very many valuable works on tokology, were we reduced to the necessity of possessing but one, and 
permitted to choose, we would unhesitatingly take Churchill.”—ITesIern Med. and Surg. Journal. 

[CTThia work is brought out in a style to match Wilson’s Anatomj', Feygussons’ Surgery, and 
Carpenter’s Physiology, and is extensively used as a Text Book in various Colleges in the Union. 


ASHWELL ON THE DISEASES OF WOMEN. 

A NEW WORK, Nearly Ready. 


A PRACTICAL TREATISE 

ON THE 

DISEASES OF WOMEN, 

Illustrated by cases derived from Hospital and private practice. 

BY SAMUEL ASHWELL, M.D., 

Obstetric Physician and Lecturer to Guy’s Hospital, &c. tc. 

WITH NOTES AND ADDITIONS 

BY PAUL GODDARD, M.D. 

Demonstrator of Anatomy in the University of Pennsylvania, &c. &c. 

In one vol. octavo, in three parts. 

Part I.—Functional Di.seases. Part II. &. III.—Organic Diseases. 

“ Situated as is Dr Ashwell in extensive practice, and at the head of the Obstetric Department of a large 
Hospital, it ennid not he hut that his work must contain very valuable information—the results of great ex¬ 
perience. The book is full of important information and excellent practical descriptiou.”—ATedtcal 
Journal. 

“ The contributions of Dr. Ashwell coming as they do, armed with the authority of his personal observa¬ 
tion and great experience, are eminently entitled to consideration. Throirghout every page we have only 
the result of the author’s own observation ; and of the work we entertain a high opinion, believing that it 
is characterized by accurate observation and sound judgment .”—Edinburgh Monthly Journal. 


DISEASES OF FEMALES, PREGNANCY AND CHILDBED. 


THE PRINCIPAL DISEASES OF FEMALES, TOGETHER WITH 
THE DISEASES INCIDENT TO PREGNANCY AND CHILD¬ 
BED, CHIEFLY FOR TflE USE OF STUDENTS. 

BY FLEKTWOOD CHURCHILL, M,D., 

Lecturer on Midwiferyand Diseases of Women and C hildren, in the Richmond Hospital Ac. &c. 

WITH NOTES AND ADDITIONS 

BY R. M. HUSTON, M.D., 

Professor, &c. in the Jefferson Medical College, Philadelphia. 

Second American edition, in one vol. octavo. 

A work extensively introduced as a Text Rook. 
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A NEW AND IMPORTANT WORK ON MISWIFERT. 

LEA and BLANCHARD have now in Preparation 

A NEW WORK ON THE 

MECHANISM OF EABOUR. 

By HUGH L. HODGE, M.D. 

Professor of Obstetrics and the Diseases of Women and Children in the University of Pennsylvania, 
assisted in the illustrative part 

BY PAUL BECK GODDARD, M.D., 

Demonstrator of Anatomy in the University of Pennsylvania. 

This important work is intended to exhibit the various OPERATIONS 
OF DELIVERY, with full instructions for the use of the most approved 
INSTRUMENTS, and means to facilitate child-birth. To illustrate this, plates 
will be used on an extended scale. 

The work will form 

One Large Imperial Quarto Volume^ 

WITH 

Executed in Eithog-raphy in the best Style of the •Irt 

UNDER THE IMMEDIATE INSPECTION OF DR. GODDARD. 
And will aim to be the most perfect and accurate work yet presented to 
the Profession in this country. 

In the Figures a uniform scale will be adopted, representing about 
HALF THE SIZE OF NATURE. 

The price cannot be precisely arranged, but it is at present not designed 
to exceed 

EIGHT DOLLARS PER COPY, 

A Specimen, with a Plate, will shortly he issued, 

and sent to such perso7is as may request it, free of postage. 

“Numerous publications have appeared abroad, and much has been 
attempted, by books and by plates, but almost universally there is a want 
of accuracy in portraying nature’s operations, and embracing fully the 
science as practised by intelligent obstetricians, in this country, which leads 
necessarily to errors in practice. 

“ The object of the author, therefore, will be to present an accurate history, 
and, as far as practicable, a delineation of the process of labour, whether 
natural or preternatural, in the human female; and, also, of the chirurgical 
means which may be advantageously employed to effect delivery in pro¬ 
tracted and difficult labours, so as to diminish the amount of suffering and 
danger for the mother and her offspring. In other words, to exemplify as 
minutely as possible, by drawings, the natural ‘mechanism of labour,’ and 
the scientific employment of the hand or of instruments in facilitating this 
painful and frequently dangerous process. No one who is ignorant of the 
details of labour in every presentation of the child, can advantageously or 
even safely assist in cases of acknowledged difficulty; an attempt, there¬ 
fore, to exhibit more fully and minutely the transit of the child through 
the pelvis in all its various presentations, and the practical results of the 
knowledge thus acquired, cannot but be advantageous to the practitioner, 
and, especially, to the student in medicine.” 

RIGBY’S MIDWIFERY. 

A SYSTEM OE MIDWIFERY, WITH NUMEROUS WOOD CUTS, BY EDWARD RIGBY, M D.. Phy- 
sician to the General Lying in Hospital, Lecturer on Midwifery at St Bartholomew’s Hospital, &c. With 
notes and additional illustrations, la one volume octavo. 

This volume commends itself for its fulness on tho Physiology of Utero-Qestation, with the Diseases 
and treatment of Pregnancy- 
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CONDIE ON CHILDREN. 


A NEW WORK. 


A PRACTICAL TREATISE 

ON 


THE DISEASES OF CHILDREN, 

BY D. FRANCIS CONDIE, M.D, 

FELLOW OF THE COLLEGE OP PHYSICIANS ; MEMBER OP THE AMERICAN 
PHILOSOPHICAL SOCIETY, &C. &C. 

In one volume, octavo. 

t^^y’The Publishers would particularly call the attention of the Profession to an examination 

of this work. 

THE VOLU-ME IS METHODICALLY ARRANGED IN TWO PARTS. 

ZSr FilRT I. AB.B COSTSIDERZID 

The Hygienic Manngcmenl of Children. 

The Peculiarities of Organization and Functions in Infancy and Childhood. 

Patlioiogy of Infancy and Childhood. 

And the Semeiology of the Diseases of Infancy and Childoood. 

m FART ZZ. ARB ZOMCBRACBD 

Diseases of tlic Digestive Organs. 

The Mouth, Throat, (Esophagus, Stomach, Intestines, Respiratory Organs, Nervous System, tlie 
Skin, Eruptive Fevers, Cutaneous Eruptions, Nutritive Functions, and Urinary Organs. 

And lastly, Cllongenilal Affections, and Accidents occurring soon after Birth. 

But this is, however, oyly an outline of the subjects brouglit under special notice. 

“ Dr. Condie has studiously endeavoured Kj be understood by students, who need to have the elements of The¬ 
rapeutics presented to them in a comprehensive form.’* 

“ An excellent Practical Treatise on the Diseases of Children, and a very safe guide to the juvenile practi- 
tioner and student.”— Med. Examiner. 

“ For the practical physician who shall turn to its pages to learn all the phenonaena which may be pre¬ 
sented by the disease whicli he is treating, and all the means to which he may resort for the cure of that 
disease, it will offer many and strong attractions, among which may be mentioned Ciimpleteness. clearness, 
judgment and good sense. In it the vanity of the author never tempts the compiler into negligence; nor 
does the laborious care of the compiler weigh down and overlay the original vigour of the author: the two 
offices are made to strengthen and illustrate one another. 

“ Dr. Condie from the very labour which lie has evidently bestowed upon this book, is entitled to our respect 
as an indefatigable and conscientious student; but if we consider the results of his labour, we cannot but 
admit his claim to a place in the very first rank of eminent writers on the practice of medicine. 

“ Regarding his treatise as a whole, it is more complete and accurate in its descriptions, while it is more 
copious and more judicious in its therapeutical precepts than any of its predecessors, and wc feel persuaded 
that the American medical profession will very soon regard it, not only as a very good, but as the very best 
‘ Practical treatise on the Diseases of Children.’”—.<fn» Med. Journal. 


A TREATISE ON THE PIIYPICAL AND MEDICAL TREATMENT OF CHILDREN. BY WILLIAM 
P. DEVVEE^^, M D’.late Professor of Midwifery in the University of Pennsylvania, &c. eighth edition, 
with the author’s last improvements and corrections. In one volume 8vo. 

The objects of this work are, 1st, to teach those who have the charge of children, either as parent or guardian, 
the most approved methods of securing and improving their physical powers. This is attempted by pointingout 
the duties which the parent or the guardian owes for this purpose, to this interesting but helpless class of beings, 
and the manner by which their duties shall be fulfilled. And 2d, to render available a long experience to 
those objects of our affection when they become diseased. In attempting this, the author has avoided as much 
as possible, ‘‘ technicality;” and has given, if he does not flatter himself too much, to each disease of which he 
treats, its appropriate and designating characters, with a fidelity that will prevent any two being confuundetl 
together, with the best mode of treating them, that either his own experience or that of others has suggested. 
Physicians cannot too strongly recommend the use of this book in all families. 
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SUR6EBY. 

FERGUSSON’S PRACTICAL SURGERY. 


A SYSTEM OF PRACTICAL SURGERY, 

BY WILLIAM FERGUSSON, F. R. S. E., 

Professor of Surgery in King’s College, London; Surgeon to King’s College Hospital, &c. Ac. 

WITH TWO HUNDRED AND FORTY-SIX ILLUSTRATIONS. i 

Engraved by Gilbert, after dratvings by Bagg. 

WITH NOTES AND ADDITIONAL ILLUSTRATIONS 

BY GEORGE W. NORRIS, M. D., 

In one volume octavo. 

The publishers commend this work to the attention of the Profession as combining cheapness and elegance, 
with a clear, sound, and practical uealmeni of every subject in surgical science. No pains or expense have been 
spared to present ii in a style equal, if not superior to the London edition, and to match theeditions of“ Wilson’s 
Anatomy,” “ Churchill’s System of Midwifery,” and “Carpenter's Human Physiolc^y.” It is now extensively 
used as a text book- 

The object and nature of this volume are thus described by the author “ The present work has not been pro¬ 
duced to compete with any already before the Profession; the arrangement, the manner in which the subjects 
have been treated, and the illustrations, are all different from any of the kind in the English language. It is not 
intended to be placed in comparison with the elemenury systems of Cooper, Burns, Liston, SymesJ^Lizars, and 
that excellent epitome of Mr. Druill It may with more propriety bo likenM to the Operative Surgery of Sir 
C. Bell, and that of Mr. Averill, both excellent in their day, or the more modern production of Mr. Hargrave, 
and the Practical Surgery of Mr Liston. There are subjects treated of in this volume, however, which none 
of these gentlemen have noticed; and the author is sufficiently sanguine to entertain the idea that this work 
may in some degree assume that relative position in British Surgery, which the classical volumes of Velpeau and 
Malgaigne occupy on the Continent.” 

A voliitnc on the Principlc.s of Surgery to accompany Fergusson will be prepared. 


DRUITT^S MO^RN SURGERY. 

THE PRINCIPLES AND PRACTICE 

OF MODERN SURGERY, 

BY ROBERT DRUITT. 

Id potissimum agens, ut omissis hypothesibus, in praxi nihil adstruatquod multiplici experienlid non sit robo- 

ratum.— Act. Erud. Z.tps.,1722. 

FROM THE SECOND LONDON EDITION, 

ILLUSTRATED WITH FIFTY WOOD ENGRAVINGS. 

WITH NOTES AND COMMENTS BY 

JOSHUA B. FLINT, M, D., M. M, S. S., &c. &c. 

In one volume, octavo. 

“ It may be said with truth that this work affords a complete, though brief and condensed view, of the entire 
field of modern surgery. We know of no work on the same subject, having the appearance of a manual, which 
contains so many topics of interest to the surgeon, and the terse manner in which each has been treated evinces 
a most enviable quality of mind on the part of the author, who seems to have an innate power of searchine out 
and grasping the leading factsand features of the most elaborate productions of the pen. Itisauseful handbook 
for the practitioner, and we should deem a teacher of surgery unpardonable who did not recommend it to his 
pupils. In our own opinion, it is admirably adapted to the wants of the student.”— Provincial Med. Journal. 


LAWRENCE ON RUPTURES. 

A TREATISE ON RUPTURES, BY W. LAWRENCE, F.R.S. Author 
of a Treatise on the Diseases of the Eye, &c. &c., from the Fifth London Edi¬ 
tion, considerably enlarged. In I vol. octavo. 

The peculiar advantage of the treatise of Mr. Lawrence is, that he explains his views on the anatomy of 
Hernia, and the different varieties of the disease, in a manner whicli renders liis book ptculiarly useful to 
the student. U must he superfluous to express our opinion of its value to the surgical praci it loner. Asa 
treatise on Hernia, presenting a complete view of the literature of the subject, it stands in the first rank.-» 
Edinburgh Medical and Surgical Journal. 
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SIR ASTLEir COOPER ON HERNIA, 

^ith One Hundred and Thirty Figures in Fithography, 

THE ANATOMY AND~lUHOIGAL TREATMENT 

OF 

ABB® MEN AIL EIISIEHEA, 

By Sir ASTLEY COOPER, Bart. 

Edited by C. Aston Key, Surgeon to Guy’s Hospital, &c. 

This important work of SirAstley is printed from the authorized second edition,published in London, in large 
super royal folio, and edited by his nephew. Professor Key. It contains all the Plates and all the Letterpress— 
there are no omissions, interpolations, or modifications—it is the complete work in 

One Large Imperial Octavo Volume, 

WITH OYER HO FIGURES ON 26 PLATES, AND OVER 400 LARGE PAGES OF LETTERPRESS. 

The correctness of the Plates is-guaranteed by arevision and close examination under the eye of a distinguished 
Surgeon of this city. 

The value of this Work of Sir Astley Cooper is so universally acknowledged by all medical men, that in 
presenting this edition to the American Profession, the publishers have only to state that they have used their 
utmost endeavours to render the mechanical execution of the work worihy its exalted reputation, and to put it in 
such a form and" at such a price as to place it within the reach of those who have been prevented from obtaining 
it by the size and rarity of former editions. 

SIR ASTLEY COOPER’S WORK. 

ON FRACTURES AND DISLOCATIONS 

WITH NUMEROUS WOOD OUTS. 

A TREATISE ON DISLOCATIONS AND FRACTURES OF THE JOINTS. By SIR 
ASTLEY COOPER, Bart;, F.R.S., Sergeant Surgeon to the King, «Slc. 

A new edition mncli enlarged edited by BRANSBY COOPER, F.R.S., Surgeon to Guy’s 
Hospital, with additional Observations from Professor John C. Warren, of Boston. With nu¬ 
merous engravings on wood, after designs by Bigg, a memoir and a splendid portrait of Sir 
Astley. In orie vol. octavo. 

The peculiar value of this, as of all Sir Astley Cooper’s works, consists in its eminently practical character. 
His nephew, Bransby B. Cooper, from his own experience, has added a number of cases. Beside this, Sir 
Astley left behind him very considerable additions in MS. for the express purpose of being introduced into this 
edition. The volume is embellished with ONE HUNDRED AND THIRTY-THREE WOOD CUTS, and 
contains the history of no less than three hundred and sixty one cases, thus embodying the records of a life of 
practice of the Author and his various editors. There are also additional Observations from notes furnished by 
John U. Warren, M.D., the Professor of Anatomy and Surgery in Harvard University. 

MAURY’S DENTAL SURGERY. 


A TREATISE ON THE DENTAL ART, 

FOUNDED ON ACTUAL EXPERIENCE. 

ILLUSTRATED BY TWO HUNDRED AND FORTY-ONE FIGURES IN LITHOGRAPHY. AND FIFTY- 

FOUR WOOD CUTS.’; 

BY B. F. MAURY, DENTIST OF THE ROYAL POLYTECHNIC SCHOOL. 

Translated from the French, with Notes and Additions, 

BY J. B. S A V I E B, D 0 C T 0 R OF DENTAL SURGERY. 

One volume, octavo. 

This work is used as a Text book in the Baltimore College of Dental Surgery, and commends itself to the 
Profession from the great reputation of the author, and as embracing the latest information on the subject Its 
steady demand is the best testimony of the general favour with which the profession has received it. It is di¬ 
vided into three parts. 

Part 1.— Dental Anatomy, Physiology and Pathology. 

Part II.—Dental Hygiene and Therapeutics. 

Part III.—Mechanical Dentistry in oil its various parts and fully illustrafed. 

THE DISEASES OF THE EYE. 

WITH NUMEROUS CUTS. 


A TREATISE ON THE DISEASES OF THE EYE. 

BY W. LAWRENCE, 

Surgeon Extraordinary to the Queen, Ac., from the last London Edition, with numerous additions, and sixty- 
seven Illustrations, many of whiclt are from original drawings. 

BY ISAAC HAYS, M.D., 

Surgeon to the Wills Hospital, &c. &c., in one volume octavo. 

The character of this work is too well established to require a word of commendation—it is justly considered 
the best on the subject. The present is a reprint of the last London Edition, which appeared in 1841, com¬ 
pletely revised and greatly enlarged by the author—and to it considerable additions have been made by the edi¬ 
tor. Several subjects omitted in the original are treated of in this edition, on which occasion free use has been 
made of the work of Mackenzie, to which is added the editor’s own experience, derived from many years’ at¬ 
tention to the subject. 
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MATERIA MEOICA, T HERAP EUTICS, PHARMA CY, ANR CHEMISTRY. 

PEREIRA'S~MATERIA MEDIGA. 

WITH NEAR THREE HUN DRED ENGRAVINGS ON WOOD. 

THE ELEMENTS OF 

MATERIA MEDICA AND THERAPEUTICS. 

CO.MPREHENDING THE NATURAL HISTORY, PREPARATIOM, PROPERTIES, COMPOSITION, 
EFPECTS, AND USES OF MEDICINES. 

BY JONATHAN PEREIRA, M. D., F, R. S. and L. S. 

Member of the Society of Pharmacy of Pari.<i; Examiner in Materia Medica and Pharmacy of 
the University of London; Lecturer on Materia Medica at the London Hospital, &,c. &c. 

From the Second London Edition, enlarged and improved. 

WITH NOTES AND ADDITIONS 

BY JOSEPH CARSON, M. D. 

In two volumes, octavo. 

Pari I cnntainB the General Action and Classification of Medicines, and the Mineral Materia Medica. Part 
II, the Vegetable and Animal Kingdoms, and including diagrams e.xplanatory of the Processf s of the Pharma- 
copceias, a tabular view of the History of the Materia Medica, from the earliest limes to the present day, and a 
very copious index From the Second London Edition, which has been thorouehly revised, with the Introduc¬ 
tion of the Processes of the New Edinburgh Pharmacopoeia, and containing additional articles on Menial Reme¬ 
dies, Light, Heal, Cold, Electricity, Magnetism, Exercise, Dietetics, and Climate, and many additional Wood 
Cuts, Illustrative of Pharmaceutical Operations, Crystallography, Shape and Organization of the Feculas of 
Commerce, and the Natural History of the Materia Medica 
The object of the author has b»en to supply the Medical Student with a Class Book on Materia Medica, con¬ 
taining a faiiliful out line of this Department of Medicine, which should embrace a concise account of the most 
important discoveries in Natural History, Chemistry, Physiology, and Therapeutics, in so far as they pertain to 
Pharmacology, and treat the subjects in the order of their natural historical relations. 

This great Library or Cyclojiedia ^Materia Medica has been fully revised, the errors corrected, and nume¬ 
rous additions made by Dft JOSEPIT CARSON, Professor of Materia Medica and Pharmacy in the “ College of 
Pharmacy,” and forms Two Volumes, octavo, of near 1603 large and closely.printed pages. It maybe fully 
relied upon as a permanent and standard work for the country,—embodying, as it does^full references to the 
U. S. Pharmacopoeia and an account of the Medical Plants indigenous to the United States. 

ELLIS’S MEDICAL FORMULARY, 7th Edition. 

THE MEDICAIj FORiVIULARY; Being a Collection of Prescription?, derived from tbe 
Writings and Practice of many of the most eminent physicians in this country and in Europe. 
To which is added an Appendix conlaining the usual Dietetic Preparations and Antidotes for 
Poisons; the whole accompanied by a few brief Pharmaceutic and Medical Observations. 

BY BENJAMIN ELLIS, M. D. 

Seventh Edition, revised and extended by Samuel Georue Mohton, M. D. In one volume octavo. 

GRAHAM’S CHEMISTRY. 

THE ELEMENTS OF GHEMISTRYj 

Including the application of the Science to the Arts. 

WITH NUMEROUS IlLUSTRATIONS, 

BY THOMAS GRAHAM, F.R. S., L. and E. D. 

Professor of Chemistry in University College, London, &c. &c. 

With Notes and Additions, 

BY ROBERT BRIDGES, M. D., &c. &c. 

In one vol. octavo. 

The great advancement recently made in all branches of chemical investigation renders necessary a new 
text book which shall clearly elucidate the numerous discoveries, especially in the department connected with 
organic Chemistry and Physiology, in which such gigantic strides have been made during the last few years. 
The present treatise is considered by eminent judges to fulfil all these indications, and to he peculiarly adapted 
to the wauls of the medical student and practitioner In adapting it to the wants of the American profession, 
the editor has endeavoured to render his portion of the work worthy the exalted reputation of the first chemist 
of England. It is already introduced as a text book in many of the Colleg< s, and has universal approbation. 

“ Professor Graham’s work is one of the best, if not the best, of all English te.xt books, and is of such recent 
date as to embrace all the latest discoveries The appearance of a correct and amended American Edition, 
under the care of Dr Bridges, will prove an acceptable thing to both teachers and students of chemistry in this 
country.”— Silliman’s Journal, 
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DUNGLISON’S MATERIA MEDICA, &c. 

GENERAL THERAPEUTICS AND MATERIA MEDICA. 

BY ROBLEY DUNGLISON, M. D., 

Professor of the Institutes of Medicine, &c. &c., in the Jefferson Medical College, Philuda. 

In two volumes octavo. 

“ A second ediUon of the work on General Therapeutics, beine called for by the publirhers, the author has 
deemed it advisable to incorporate with It an account of the different articles of the JVlaieria Medica. To this 
he has been led by the circumstance, that the departments of General Therapeutics and Materia Medica 
are always associated in the Medical Schools The author’s great object has been to prepare a work which may 
aid the Medical Student In acquiring the main results of modern ubscrvatioii and reflection; und at the same 
lime, be to the Medical Practitioner a trust worthy book of reference 

“ Throughout, he has adopted the Nomenclature of the last edition of the Pharmacopceia of the United States, 
a work which ought to be in the hands of every practitioner as a guide in the preparation of medicines: and he 
has endeavoured to arrange the articles in each division, as nearly us he could, in the order of their efftcacy as 
Therapeutical agents.” 

“ Tfie subject of Materia Medica has been handled by our author with more than usual judgment. He has, 
very wisely in our opinion given his principal attention to the articles of the Materia Medica us mediciuea. 
In conclusion, westrongly recommend these volumes to our readers. No medical student on either side of the 
Atlantic ought to be without them ”— Forbes' British and Fereign Medical Review, Jan 1814 
This work is extensively used as a Text Book in many Uulleges. 


DUNGLISON ON NEW REMEDIES, 4th Edition. 

NEW REMEDIES; PnARMACEUTICALlY AND THERAPEUTICALLY CONSIDERED. 

Fourth Edition, with extensive modificutiuns and Additions, 

BY ROBLEY DUNGLISON, M. D, &c. &c. &c. 

In one volume octavo. 

This edition will be found more complete than any of the former. It contains all the new remedies intro¬ 
duced eince the third edition in 1841. as weil as the new matter embodied in the pharmaceutical journals and 
essays since that period, as well as in the large works of Pereira, Christison, Bouchardai, Lincke and others. 
The new matter (about sixty or seventy pages) thus introduced ihruush the work can only be appreciated on 
close invesiigatibn The principal new articles inserted in this edition are Aluminte Sales, Anilirakokali, 
Cannabis Indica. Corylus Kos'raia, Ferri Cirras, Ferrt et ljuinise Citras,Fucus Ainylaceus, Fuligokali, Gtuti- 
ana Chirayila,JugIanB Regia, Maiias, Paullinia, and Platini Preparata. 


A new Edition, to 1844, * 

OF 

DLNGLISON’S MEDICAL DICTIOiNARY. 


A DICTIONARY OF MEDICAL SCIENCE: 

CONTAINING 

A concise Account of the various Subjects and Terms, with the French 
and otlier Synonymes, Notices of Climates and of Celebrated Mineral 
Waters, Formulae for various Officinal and Empirical Preparations, 
&c. &c. 

FOURTH EDITION, MODIFIED AND IMPROVED. 

By ROBLEY DUNGLISON, M.D. 

Professor in the Jefferson Medical College, etc. 

In one Volume, royal Octavorof near 800 large Pages, double columns. 

This may safely be affirmed to be the rhost complete Medical Dictionary )'et published, 
containing, as it does, upwards of 

FORTY THOFSANO YTOROS A NO SYNONYMES. 

It has been the author’s anxious desire to render this work a satisfactory and desirable, if not 
indispensable, Lexicon, in which the student should never be disappointed in his search for 
any term with which he might meet in the course of his readingi To those unacquainted 
with the rapid and unceasing progress of medical science, it might seem that no great modi¬ 
fication was necessary in the fourth edition of a work like the present, when the third had 
appeared within two years, and yet it has been found advisable to add no less than 

TWO THOUSAND WORDS AND TERMS 

not included in the preceding editions. Some of these are words of recent formation, while 
others had previously escaped the author. 
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SPECIAL TREATISES ON MEDICINE, SURGERY, &c. 

PROUT ON THE STOMACH. 

ON THE NATURE AND TREATMENT OF STOMACH AND RENAL DISEASES; 
Being an Inquiry into the Connection of Diabetea, Calculus, and other affections of the Kid¬ 
ney and Bladder with Indigestion. By William Prout, M. D., F. R. S., &c. From the 
Fourth Revised London Edition, with Plates, some coloured. 

HOPE ON THE HEART. 

A TREATISE ON THE DISEASES OF THE HEART AND GREAT VESSELS, and 
on the affections which may be mistaken for them. By J. Hope, M. D., F. R. S. From the 
Third London Edition, with notes by C. W. Pennock, M. D., &c. In one volume, 8va with 
Plates. 

BARTI.BTT ON FEVERS. 

THE HtSTORY, DIAGNOSfS, AND TREATMENT OF TYPHOID AND TYPHUS 
FEVER; With an Essay on the Diagnosis of Bilious Remittent and of Yellow Fever, By 
Elisha Bartlett, M. D., &c. In one volume 8vo. _ 

WILSON ON THE SKIN. 

A PRACTICAL AND THEORETICAL TREATISE ON THE DIAGNOSIS, PATHO- 
LOGY AND TREATMENT OF THE DISEASES OF THE SKIN. Arranged accord- 
ing to a natural system of classification, and preceded by an outline of tlie Anatomy and Phy¬ 
siology of the Skin. By Erasmus Wilson, author of “-A System of Human Anatomy,” &c. 
In one vol. 8vo. 

WALSHE ON THE LUNGS. 

THE PHYSICAL DIAGNOSIS OF THE DISEASES OF THE LUNGS. By Walter 
Hayle Walshe, M. D., Professor of Pathological Anatomy in University College London, &c. 
In one volume, 13mo. __ 

FATHOLOGICAL HAS ATOLOGIT. 

AN ESSAY ON THE BLOOD IN DISEASE. By G. A.ndral, Professor of General Pa¬ 
thology and Therapeutics in the University of Pari.N, &c. &c., translated from the French by 
J, F. Meios, M.D. and Alfred Stille, M.D. A small volume. 

HARRIS ON MAXILLARY SINUS. 

DISSERTATION ON THE DISEASES OF THE MAXILLARY SINUS. By Chapin A. 
Harris, M. D., D. D, S. &c. One vol. 8vo. 

RICORD^ ON VENEREAL. 

A PRACTICAL TREATISE ON VENEREAL DISEASES; or. Critical and Experimental 
Researches on Inoculation, applied to the study of these affections; with a Therapeutical Sum¬ 
mary, and special Formulary. From the French of J. Ricord, M. D, &c. In one volume 
8vo. __ 

ABERCROMBIE ON THE BRAIN. 

pathological and PRACTICAL RESEARCHES ON THE DISEASES OF THE 
BRAIN AND SPINAL CORD. By John Abercuosibie, M. D., &c. A new Edition, en¬ 
larged by the author. One vol. 8vo. 

A BE RCRO MbTe ofsT THE STOMACH. 

PATHOLOGICAL AND PRACTICAL RESEARCHES ON THE DISEASES OF THE 
STOMACH, tiie Intestinal Canal, the I.iver, and other Viscera of the Abdomen. By John 
Abercrombie, M. D. Third American Edition. One vol. 8vo. 

A TREAI'ISE ON PROTRACTED INDIGESTION; and its consequences, by A. P. W. 
Philip, M. D., F. R. S., &c. One volume, 8vo, 

BEL L O N f ~H E T E E T H. 

THE ANATOMY, PHYSIOLOGY, AND DISEASES OF THE TEETH. By Thomas 
Bell, F. R. S., F. L. S, F. G. S., Member of the Royal College of Surgeons in Lendon, &c. 
Third American Edition, with numerous plates. 

CN THE ITEUVES. 

an essay TOWARDS A CORRECT THEORY OF THE NERVOUS SYSTEM, fy 
John Harrison, M. D., Profcs.sor of Physiology and Pathology iu the University of Louisiani. 
In one volume, 8vo. 



2G 


LEA & BLANCHARD’S PUBLICATIONS 


ROBERTSON ON THE TEETH. 

A PRACTICAL TREATISE ON THE HUMAN TEETH. Showing the causes of their 
destruction, and the means of their preservulion. By Wm, Robeiitson. With Plates. In one vol. 

©SS" ISflEnSflia (£§Oo 

THE KIDNEYS AND URINE. By J. J. Berzelius. Translated from the German by J. H. 
Boj6, and F. Learning, M. D. In one volume, 8vo. 

CHITTY'S MEDICAL JURISPRUDENCE. 

A PRACTICAL TREATISE ON MEDICAL JURISPRUDENCE, and all the laws relating 
to Medical Practitioners; wilh Explanatory Notes. By J. Chitty, Esu , Barrister at Law. 
Second American Edition, wilh notes and additions, adapted to American works and judicial 
decisions. In one vol. 8vo., wilh plates and cuts. 

TRAILL’S MEDICAL JURISPRUDENCE. 

OUTLINES OF A COURSE OF LECTURES ON MEDICAL JURISPRUDENCE. By 
Thos. S. Traill, M. D., F. R. S. E., Professor of Jurisp. and Med. Police in Univ. of Edin* 
burgh. Revised, wilh numerous notes. I vol. 8vo. 

BRODIE ON URINARY ORGANS. 

LECTURES ON THE DISEASES OF THE URINARY ORGANS. By Sir Bknjamin 
C. Brodir, Burt., F. R. S. &.u. &.c. From the third London Ed. In one vol. 8vo. 

BRODIE ON THE JOINTS. 

PATHOLOGICAL AND SURGICAL OBSERVATIONS ON THE DISEASES OF THE 
JOINTS. By Sir Bknj. C. Brodie, Bart., F. R. S, &c. &c. From the Fourth London Edi¬ 
tion. In one vol. 8vo. 

COATES’ POPULAR MEDICINE. 

POPULAR MEDICINE; or, FAMILY ADVISER, consisting of Outlines of Anatomy, Phy¬ 
siology, and Hygiene, wilh such hints on the Practice of Physic, Surgery, and the Discu.scs 
of Women and Children, as may prove useful in families when regular physicians cannot be 
procured. By Reynell Coates, M. D., &.c. &c. In one volume, 8vo., witli cuts. 

ESSAYS ON PRACTICAL MEDICINE AND SURGERY, By Drs. Chapman, Bache, Horner, 
Dunglison, Dewbes, Conuie, Hays, Hodge, &,c. &c. in two volumes, 8vo. 

ELLIOTSON ON MESMERISM, Price 26 cents. 

NUMEROUS CASES OF SURGICAL OPERATIONS WITHOUT PAIN IN THE MES¬ 
MERIC STATE; by John Elliotson, M. D., F. R. S., &c. &c, 

ARNOTT’S PHYSICS. 

ELEMENTS OF PHYSICS; or, Natural Philosophy, general and medical, written for uni¬ 
versal U.SC, in plain or non-technical language. By Neil Arnott, M. D., &c. Complete in 
one vol. 8vo., a new edition, edited by Isaac Hays, M. D., &.c. 

TRIMMER’S GEOLOGY. 

PRACTICAti GEOLOGY AND MINERALOGY; willi instruclions for Qualitative Analysis 
of Minerals. By J. Trimmer, F. G. S. In one volume, 8vo. With over 200 wood-cuts. 

BUCKLAND’S GEOLOGY. 

GEOLOGY AND MINERALOGY, UlTH REFERENCE TO NATURAL THEOLOGY. 
By the Rev. Wm. Buckland, D. D. A new edition, in two volumes, wilh numerous plates and 
maps. __ 

BRIDGBWATBR TREATISES. 

THE BRlDGEWA'l’ER 'I'REATISES, On the Power, Wisdom, and Goodness of God, as 
manifested in the Creation. In seven volumes, 8vo. Containing Essays by Roget, Kirby, 
Buckluiid, Babbage, Bell, Prout, Chalmers, &e. ^c., and illustrated by numerous plates, cuts, 
and maps, in seven volumes, 8vo. _ ^ 

THE HISTORY, HABITS AND INSTINCTS OF ANIMALS, by the Rev. William 
Kirby, M A., F.R.S. lllustruled by numerous copperplate engravings. 

THE NINTH BRIDGEWATER TREATISE. A Fragment, by Charles Babbage, Esq. 
From the second London edition. In one volume octavo. 

YOUATT’S TREATISE ON TH E DIS EASE S OFJl*'^^ HORSE, &c. &c. in one voI.8vo. 

YOU ATT AND CLATER’S CATTLE DOCTOR, &c. in one vol. l2mo 
Several of the Treatises in Twcedic’s Library, first edition may be had in separate volumes. 
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YOUATT AKD CLATEPS CATTLE-DOCm 

Noiv Ready, 

EVEfiY MAN HIS OWN CATTLE DOCTOR.' 

CONTAINING 

THE CAUSES, SYMPTOMS, AND TREATMENT OF ALL THE DISEASES INCIDENT TO 

OXEN, SHEEP, AND SWINE. 

By FRANCIS CLATER. 

EDITED, REVISED, AND ALMOST REWRITTEN, 

By william YOUATT, Author of « The Horse,’’ &c. 
Together with numerous Additions^ hy the American Editor^ J. S. Skinner, 

AMONG WHICH ARE 

AN ESSAY ON THE USE OF OXEN, WITH MODES OF BREAKING, FEEDING, GRAZING, ETC. 

AND A TREATISE ON THE GROWTH, IMPROVEMENT AND BREEDING OF SHEEP, 

AND THE SOILS ADAPTED TO THEIR RAISING. 

With numerous Cuts and Illustrations. In one volume, 12mo. 

Price Fifty Cents, in Cloth. 

ALSO, 

The Complete Cook, edited by Sanderson, price 25 Cents. 

The Complete Confectioner, edited by Parkinson, price 25 Cents. 

The Complete Florist, edited by an Experienced Florist of Philadel¬ 
phia, price 25 Cents. 

Persons remitting in current funds, free of postage, ONE DOLLAR, can have the Foua 

Works, by mail, or otherwise, as they may direct, each one sewed in a cover. 

THE HORSE. 

By William Youatt, a new edition with illustrations; containing a full account of the 
Diseases of the Horse, with their mode of treatment; his anatomy, and the usual 
operations performed on him; his breeding, breaking, and management; and hints on 
his soundness, and the purchase and sale. Together with a General History of the 
Horse; a dissertation on the American Trotting Horse, how trained and jockeyed, an 
account of his remarkable performances, and an Essay on the Ass and the Mule, by 
J, S. Skinner, Assistant Postmaster General, and Editor of the Turf Register. In one 
volume, octavo. 

ENCYCLOPytDIA AMERICANA. 

A new edition. A Popular Dictionary of Arts, Science!?, Literature, History, Politics 
and Biography, including a copious collection of original articles in American Biog¬ 
raphy. On the basis of the seventh edition of the German Conversations-Lexikon. 
Edited by Francis Lieber, assi-sted by E. Wigglesworth and T. G, Bradford. In 13 vol¬ 
umes octavo of about 600 pages each. 

The publishers offer this valuable work at a very low price in all the various styles of 

binding. 

Over Two Hundred Thousand copies have been sold in Germany. 

THE EIVCYCEOP^DIA OF GEOGRAPHY. 

Comprising a complete description of the earth. Physical, Statistical, Commercial and Poli¬ 
tical; exhibiting its relation to the heavenly bodies—its physical structure—the natural 
hi,story of each country; and the Industry, Commerce, Political Institutions, and Civil and 
Social State of all Nations; by Hugh Murray, F.R.S.E., assisted in Astronomy, &c. by 
Prof. Wallace, Geology, &c. by Prof. Jameson, Botany, dtc. by Prof. Hooker, Zoology, 
&c. by W. Swainson. Illustrated by eighty-two maps, and about eleven hundred other 
engravings on wood, representing the most remarkable objects of Nature and Art in 
every region of the Globe; together with a map of the United Slates, drawn by Drayton, 
from Tanner’s Map, and engraved on copper, in which is embodied the latest information 
relating to the Internal Improvements of this country. The portion relating to the United 
Slates written anew, by T. G. Bradford. Revised, corrected, and brought down to the 
present period 1844. In three handsome octavo volumes in various bindings. 

MISS STRICKLAND’S QUEENS OF ENGLAND. 

Lives of the Gueens of England, from the Norman Conquest to the reign of Elizabeth; 
with anecdotes of their Courts, now (irst published from official recoids and other 
authentic documents, private as well as public. A new and improved edition, in six 
volumes, royal 12ino., bound in cloth, or done up in paper to match. 
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SELECT WORKS OF TOBIAS SMOLLETT, with a memoir of his Life and Wri¬ 
tings, by Sir Walter Scott. Containing The Adventures of Roderick Random; Price 
25 cents.—The Adventures of Peregrine Pickle, Double Number; Price 50 cents.—The 
Expedition of Humphrey Clinker; Price 25 cents.—The Adventures of Ferdinand 
Count Fathom; Price 25 cents.—The Adventures of Sir Launcelot Greaves; Price 25 
cents;—The History and Adventures of an Atom, and Select Poems, in one part; Price 
25 cents;—or the whole done up in one volume. 

SELECT WORKS OP HENRY FIELDING, with a memoir of his Life and Writings, 
by Sir Walter Scott, and an E.ssay on his Life and Genius, by Arthdr Morphy, Esq., 
containing Tom Jones, or The History of a Foundling; Double Number; Price 50 cents. 
The Adventures of Joseph Andrews and his friend Mr. Abraham Adams, Price 25 cents. 
Amelia; Price 25 cents. The Life of Jonathan Wild, with the Life of Fielding, Essay 
on his Genius, &c., in one part Price 25 cents;—or the whole done up in one volume. 

COOPER’S NOVELS, AT TWENTY-FIVE CENTS PER VOLUME, embracing 
Wyandotte, Wing-and-Wing, The Spy, The Pilot, The Water-Witch, Lionel Lincoln, 
Heidenmauer, The Pathfinder, Precaution, The Wish-Ton-Wish, Homeward Bound, 
Mercedes of Castile, The Pioneers, The Red Rover, The Two Admirals, The Prairie, 
The Headsman, TheDeerslayer, The Bravo, The Last of the Mohicans, Home as Found, 
The Monikin.s, The Travelling Bachelor, and Ned Myers; In all twenty-four different 
Works, or forty-seven volumes. 

WHITE’S UNIVERSAL HISTORY FOR COLLEGES AND HIGHER SCHOOLS. 
Elements of Universal History, on a new and systematic plan; from the earliest times to 
the Treaty of Vienna. To which is added, a summary of the leading events since that 
period, by H. White, B.A., Trinity College, Cambridge, with additions, by John S. Hart, 
A.M., Principal of the Philadelphia High School, and Professor of Moral and Mental 
Science, Member of the American Philosophical Society, &c. in one vol. 12mo., or an 
Edition without Guestions may be had for general use. 

POEMS BY SAMUEL ROGERS, with numerous illustrations, a new edition, revised, with 
additions by the author, in one volume, imperial octavo, embellished with ten engravings by 
Turner, Goodall, Wallis, Finden, &c. in cloth extra, or beautiful white calf, gilt edges. 

WALPOLE’S SUPPRESSED LETTERS TO SIR HORACE MANN, from 1760 to 1785, 
now first published from the original MSS. In two octavo volumes to match the four volumes 
formerly published, to which they form a continuation. 

MARTIN CHUZZLEWIT, by “ Boz,” publishing in Nos. with plates. Price cents each. 

THE HISTORY OF IRELAND, commencing with its earliest period to the great expedition 
against Scotland in 1543. By Thomas Moore. In one volume octavo. 

BROUGHAM’S FRENCH REVOLUTION, price fifty cents, forming a third volume to his Me¬ 
moirs of Statesmen. 

THE EDUCATION OF MOTHERS; or, the Civilization of Mankind by Woman. By L. Aim* 
Martin. Being the work to which the prize of the French Academy was awarded. Translated 
by Edwin Lee, Esq. Revised from the fourth French edition, done up to match the “Ladies’ 
Cabinet Series.” Price seventy-five cents. 

BENTHA.MIANA; or. Select Extracts from the Works of Jeremy Bentham. With an outline ofhis 
opinions on the principal subjects discussed in his works. Edited by John Hill Burton, Advo¬ 
cate. In one volume, large 12mo., extra cloth. 

THE HISTORY OF ROME, by B. G. Niebuhr. Translated by J. C. Hare, Connop Thirlwall, 
William Smith, and Leonhard Schmitz. From the third English Edition, revised. The four 
volumes brought into two large octavo volumes. (Now at press.) 

I’ICCIOLA, THE PRISONER OF FENESTRELLA; or. Captivity Captive. From the French 
of M. de Saintine. Third American edition. In one volume, 12mo., price thirty-five cents, iu 
glazed paper. 

THE MILLWRIGHT AND MILLER’S GUIDE. By Oliver Evans. The Tenth 
Edition with Additions and Corrections, by the Professor of Mechanics in the Franklin 
Institute of Pennsylvania; and a description of an improved Merchant Flour Mill. With 
Engravings. By C. & O. Evans, Engineers. This is a practical work, and has had a 
very extended sale. 

AMERICAN ORNITHOLOGY, a supplement to “ Wilson,” by Prince Charles Bona¬ 
parte. Four volumes, folio, with magnificent coloured plates. 

THE NATIONAL SCHOOL MANUAL. In four volumes, 12mo, with an Atlas and 
the Clinton Primer as an Introduction. 

A POPULAR TREATISE ON AGRICULTURAL CHEMISTRY. By Charles 
Squarev, in one volume 12mo. 

THE DISTRICT SCHOOL; OR, NATIONAL EDUCATION. By J. Orville Tay¬ 
lor, Third Edition, in one volume 12mo. 

LIGHTS, SHADOWS, AND REFLECTIONS OP WHIGS AND T.ORIES. By a 
Coantry Gentleman, in one volume 12mo. 



LEA & BLANCHARD’S SERIES OP HOME BOOKS. 
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Price Twenty-five cents each. 

THE COMPLETE COOK.—Plaia and Practical Directions for Cooking and Honse- 
keeping^ with upwards of seven hundred receipts: consisting of directions for the choice 
of noeat and poultry; preparations for Cooking, making of broths and soups; boiling, 
roasting, baking, and frying, of meats, fish, &c. seasonings, colourings, cooking vegeta¬ 
bles; preparing salads, clarifying; making of pastry, puddings, gruels, gravies, garnishes, 
&c. and, with general directions for making wines. With additions and alterations, by 
J. M. Sanderson, of the Franklin House. 

THE COMPLETE CONFECTIONER, PASTRY COOK AND BAKER.—Plain and 
practical directions for making Confectionary and Pastry, and for baking; with upwards 
of five hundred receipts; consisting of directions for making all sorts of preserves, sugar¬ 
boiling, comfits, lozenges, ornamental cakes, ices, liqueurs, waters, gum-paste ornaments, 
syrups, jellies, marmalades, compotes, bread-baking, artificial yeasts, fancy biscuits, cakes, 
rolls, muffins, tarts, pies, &c. &c. With additions and alterations, by Parkinson, Practi¬ 
cal Confectioner, Chestnut street. 

THE COMPLETE FLORIST.—A Manual of Gardening, containing practical instruc¬ 
tion for the management of greenhouse plants, and for the cultivation of the shrubbery, 
the flower garden, and the lawn, with descriptions of those plants and trees most worthy 
of culture, in each department. With additions and amendments, adapted to the climate 
of the United States. 

Now Preparing to match the Complete Florist, THE KITCHEN AND FRUIT 

GARDINER. 


THE LADY*S CABINET SERIES. 

L. &. B. are publishing under this title a number of standard works, fitted for the Boudoir, ex¬ 
clusively by female writers, such as Mrs. Jamieson, Mrs. Hemans, Miss Strickland, &c. They are 

all neatly done up to match in lemon-coloured glazed paper, and will form a beautiful series. 

The Poetical Remains of Lucretia M. Davidson, with a Memoir by Miss C. M. Sedgwick. In 
one volume, price fifty cents. 

The Poetical Remains of Margaret M. Davidson, with a Biography by Wa^ngton Irving. In one 
volume, price fifty cents. 

The Lives of the Queens of England, by Miss Strickland, first series. In three volumes, price fifty 
cents each. Second series. In three volumes, price sixty-five cents each. 

The Study of the Life of Woman. Translated from the French of Madame Necker de Saussure 
of Geneva. In one volume, price seventy-fiTO cents. 

The Poetical Works of Mrs. Hemans, to which is prefixed a Memoir by her sister Mrs. Hughes, 
and an essay on her genius by Mrs. Sigourney. To be completed in seven volumes, price fifty 
cents each. 

The Memoirs of the Loves of the Poets, or the lives of women celebrated in ancient and modern 
poetry, by Mrs. Jamieson. In one volume, price seventy-five cents. 

Selections from the Writings of Mrs. Margaret M. Davidson, the mother of Lucretia Maria and 
Margaret M. Davidson, with a preface by Miss C. M. Sedgwick, price fifty cents. 

Other volumes are in preparation. 


L. 4* B- are now Publishing 

A CABINET SERIES OP NOVELS IN A FORM FOR PRESERVATION. 

It will embody— 

Destiny; or the Chief’s Daughter. By Miss Perrier, author of the Inheritance, Marriage, See. la 
one thick volume, 12mo. price 40 cents.—Now ready. 

Marriage. By Miss Ferrier, <at press.) 

The Inheritance, by Miss Ferrier, ^preparing.) 

Other Novels of high character are to be embraced in this series. 


J1J8T READY. 

WHIMS ^ND ODDITIES. By Thomas Hood. With upwards of eighty spirited wood cuts. In 
one volume, 12mo. Price fifty cents. 

FAIRY LEGENDS OF THE SOUTH OF IRELAND. By T. Crofton Croker. With fifty-five 
wood cuts. Second Edition. In one vol. l!2mo., price fifty cents. 

WALPOLE’S New Letters to Horace Mann, in 2 vols. 8vo., vol. I now ready. 

THE HUNCHBACK OF NOTRE DAME. By Victor Hugo. With au IHustraUon. Price 25 
cents. 

TYLNEY HALL. By Thomas Hood. With an Illustration. Price 25 cents. 

CLATER St YOUATTJ CATTLE DOCTOR, in 1 vol., l2mo. 

WHITE’S UNIVERSAL HISTORY, a handsome vol. in 12mo. 




MISCELLANEOUS BOOKS 

PUBLISHED BY 

LEA & BLANCHARD. 

Brougham, Henry Lord, His Speeches with Historical Introductions, in 3 vois. 8vo. 

Do. do. do. Historical Sketches of the Times of George IV., in 3 vols. royal 13mo. 

Do. do. do. Critical and Miscellaneous Writings, in 3 vuls. royal 13mo. 

Butler’s Atlas of Ancient Geography, with a complete Index, I vol. 8vo. 

Do. Geographia Olassica, fourth edition, I vol. 8vo. to accompany the Atlas. 

Box’s Works complete, flne edition, with numerous illustrations, 0 vols. royal 8vo. Consisting of 
Sketches ofEvery day Life and Every day People. 

Posthumous Papers of the Pickwick Club. 

Oliver Twist; or. The Parish Boy’s Progress. 

Life and Adventures of Micbolas Nickleby. 

Old Curiosity Shop. 

Barnaby Rudge. 

Also, a Cheap Edition, without the plates. 

Bulwer’s Critical and Miscellaneous Writings, in 3 vols. royal 13mo. 

Brewster’s Treatise on Optics, a new and improved edition, 1 vol. 13mo. 

Bolmar’s French Series, Consisting of Perrin’s Fables, 1 vol. 13mo. Colloquial Phrases, 1 vol. 18mo, 
French Verbs, 1 vol. i2mo. Telemaque, 1 vol. 13mo. Key to do. 1 vol. 12mo. 

Cooper’s Naval History of the United States, second edition, in 3 vols. 8vo. 

Do. Novels and Tales complete, and to match, 44 vols. 12mo. at 35 cts. per volume. 

Do. Leather Stocking Tales, 5 vols. 13mo. 

Do. Sea Tales, 5 vols. ISmo. 

Davidson’s, Margaret M. Biography and Poetical Remains, edited by Irving, 1 vol. I3mo. ex. cl. 
Davidson’s,^ Lucretia M. Biography and Poetical Remains, edited by Miss Sedgwick. A new and 
cheap edilion, 1 vol. 13mo. price 50 cts. 

Ellis, Mrs. Family Secrets; or. Hints to those who would make Home Happy, in 3 vols. 13mo. price 
50 cts. 

Encyclopiedia of Geography. A new edition, brought up to 1843, publishing in 34 weekly Numbers, 
royal 8vo. 

Encyclopedia Americana, a great work, in 13 vols. 8vo. 

Frederic the Great, His Court and Times, including the Seven Tears War, by Thomas Campbell, in 
4 vols. 12tno. 

Fielding’s Select Works, with his Life,by A. Murphy, royal 8vo. 

Geisler’s Text-Book of Ecclesiastical History, 3 vols.Svo. 

Guy Fawkes; An Historical Romance of the Times of James I., by W.H. Ainsworth, 1 vol. royal 8vo. 
Heber’s Poetical Works. Complete in 1 vol. 13mo. 

Herschell's Astronomy. A new and improved edition, 1 vol. 12mo. 

History of Congress during the Administration of General Washington, in 1 vol. 6vo. a cheap 
volume. 

Hemans’ Poetical Works, Complete, in 7 vols. 12mo. with a Life by her Sister, and an Essay on her 
Genius, by Mrs. Sigourney. 

Do. Memoirs, by her Sister, M'rs. Hughes, in I vol. 12mo. 

Horse, (The) by Vouatt, with additions by Skinner, 1 vol. 8vo. with many illustrations. 

Irving’s Select Works, in 3 vols. royal 8vo. with a portrait. 

Do. Astoria, in 3 vols.Svo. 

Do. Rocky Mountains. A new and cheap edition. 

Do. Life and Voyages of Christopher Columbus, in 3 vols. 8vo. 

Do. Crayon Miscellany—Containing Abbotsford, Newstead Abbey, Conquest of Spain, 
vols. 13mo. 

Jess’, Court of England under the House of Nassau and HanoVer, 3 vols royal 13mo. 

Jefferson’s Life, by Professor Tucker, in 3 vols. 8vo. 

Keble’s Christian Year, third edition, in one neat 13mo. volume. 

Keble’s Child's Christian Year, a small volume. 

Lockhart’s Life of Sir Walter Scott, in 7 vols. 13mo. with a portrait. 

Language of Flowers, w ith beautiful coloured plates, a new edition, extra gilt edges. 

Madame de SevignO and her most distinguished Cotemporaries, in 2 vols. royal 13mo. 

Moore’s, Thomas, History of Ireland, in 1 vul. 8vo. 

Millwright’s and Miller’s Guide, with plates, by Oliver Evans, tenth edition, with improvements, 
1 vol. evo. • 

Madden's Lives and Times ot the United Irishmen, 3 vols. 12mo. 

Mrs. Marcpt’s t^tories for Young Children, small 4to. 

Porcelain Tower, or Nine Stories of China, by T. T. T. 1 vol. 12itio. with numerous illustrations. 
Queen of Flowers, or Memoirs of the Rose, 1 vol. coloured plates. 

Romantic Biography of the Age of Elizabeth, by the Benedictine Brethren of Glendalough, 3 vote. 
13mo. 

Ranke’s Ecclesiastical and Political History of the Popes of Rome, during the 16th and 17th centu¬ 
ries, in 3 vols. royal 8vo. 

Strickland, Miss, Lives ofthe Queens of England, 1st series, 3 vols. 13mo. extra cloth. 

Do. do. do. do. do. 3d do. 3 vols. do. do. 

Stanley Thorn, by Cockton, 1 vol, royal 8vo. with numerous illustrations. 

Shelley, Mrs. Eminent I.iterary and Scientific Men of Italy, in 2 vols. 13mo 
Do. do. Memoirs ofthe most eminent French Writers, 2 vols. 13mo. 

Sentiments of Flowers, or Language of Flora, with coloured plates. 

Scott's Poetical Works. Complete in 6 vols. royal l2mo. extra cloth. 

Smollett’s Select Works, with a Memoir by Sir W'alter Scott, royal 8vo. 

Tales and Souvenirs of a Residence in Europe, 1 vol. 12mo. extra cloth. 

Wheaton’s Inquiry into the Validity ofthe Right of Search, 1 vol. 8vo. 

Washington Potts, Mrs and Mr Smith, by Miss Leslie, price 35 cts. 

Walsh’s Sketches of Conspicnons Living Characters of France, 1 vol. 12mo. 

Walpole’s Unrivalled Letters. The only complete edition. Containing nearly 3U0 Lettera, with a 
portrait, in 4 vols. 8vo. extra cloth. 
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LEA & BLAN'CHARD are ihe Publishers of the American Journal of the Medical Sciences, edited by 
ISAAC HAVS, M.D., Surgeon to Wills Hospital, Physician to the Philadelphia Orphan Asylum, Member of 
the Am. Philos Soc , &c. &.C. &c. assisted by numerous collaborators in every section of the Union. 

This Journal was commenced TWKNTY THREE YEARS AGO, and it is therefore the oldest Medical 
Journal now existing in the United States, and its permanency may be considered as established. 

It was originally edited by Dr. Chapman, who has been a constant contributor to its pages; and for the last 
eeventeen years it has been under the editorial direction of Dr. Isaac Hays. 

A New Series was commenced in Jan. 1841. 

The pages of this Journal contain the records of the experience of the most distinguished members of the 
Profession in every part of the Union. 

CONTENTS OP THE NO. FOR APRIL 1844. 

Memoirs and Cases. —Art. I Observations on the Pathological Relations of the Medulla Spinalis. By 
Austin Flint, M.l). II. Case of Molluscum, associated with Fibro-Celliilar Encysted Tumour and Encepha* 
loid Disease. By Washington L. Atlee, M.D. [With a wood cut.] III. On the Pulse of the Insane. By 
Pliny Earle, M.l). IV. Statistics and Cases of Midwifety; compiled from the Records of the Philadelphia 
Hospital, Blockley. By Geo. N. Burwell, M.D. V. On the Congestive Fever of Mississippi, with Cases. By 
R. G. W’liarton, M.D. VI. Enteritis—with Cases, exemplifying the decidedly beneficial effects of Blood let- 
ling, and the Sedative Treatment. By P. M. Kollock, M D. VII. Case of Inversion of the Uterus, in, which 
Reposition was effected on the tenth day. By Joseph P. Gazznm, M.D. VIII. Ligature of the external Iliac 
Artery for Aneurism. By W. P. Boling, M.D. IX Eupatorium Perfoliatiiin in Epidemic Influenza. By J. 
F. Peebles, M.D. X. Case of Polypus of the Uterus expelled by the action of Ergot. By Thomas J. Garden, 
M.D. XI. On the Extraction of Retained Placenta in Abortion. By Henry Bond, M D. Xlh Improved 
Catheter Bougie. By R. J. Dodd, M D. 

Reviews —XIII. Fenger's Dissertation on Erysipelas Ambulans. XIV. Drs. M"William and FrifcAeft on 
African Remittent Fevers. 

Bibliooraphical Notices,— XV. //arrison’s Theory of the Nervous System. XVI. Hartshome's Annual 
Report of file Eastern Stale Penitentiary. XVII. Ktrkbride's Report of the Pennsylvania Hospital for the In¬ 
sane, 2 Report of the Ohio Lunatic Asylum. 3. Report of the Maiiagersof the Male LuiiaticAsyliim, (New 
York) 4. Report of the Superiiilendeiit of the Maine Hospital. XVIII Pam’s I’harniacologia. XIX. .Nars’s 
Statistical Report of one hundred and ninety cases of Insanity admitted into the Retreat near Leeds. XX. 
IFArte's Address on Insanity. XXI. Report of the Surgeon General U S. Army. XXII. Dung’/uon’s Human 
Physiology. XXIII. Duwg'hson’s Dictionary of Medical Science. XXIV. (Test on some of the more important 
Diseases of Childhood. X.XV. JHag'endie’s Elementary Treatise on Human Physiology. XXVI. Wilson on 
Spasm, Languor, Palsy, and other disorders termed Nervous, of the Muscular System. XXVII. West's Clin* 
ical and Pathological Report on the Pneumonia of Children. XXVIII Cooper on Hernia. XXIX Todd on 
Rhciiinatio Gout. Fever, and Chronic Rheumatism of the Joints. XXX. Smith and Horner's Anatomical 
Atlas. XXXI. Quarterly Summary of the Transactions of the College of Physicians of Philadelphia. 
XXXII. Chapman's Lectures on the more Important Diseases of the Thoracic and Abdominal Viscera. 

SUMMARY OF THE IMPROVEMENTS AND DISCOVERIES IN THE MEDICAL SCIENCES. 

Anatomy and Physiology.— 1. FIsoisAeronthe Period at which the foramen ovale, and the ductus venoaua 
become obliterated. 2 Lacauchie on Absorption. 3. Burrovts on Blood in the brain. 4. Krdl on Optic nerves. 
5. Spence on Nervus vagus and nervus accessorius. 6. Escape of ova independent of fecundation, and the 
connection of this with nienstruation. 7. Robertonon Age of puberty in girls. 8. Starr on Urachus pervious 
after liirth. 

Materia Medica and PHARMacY.— 9. Oalleoti on Species of Veratriim. 10. Martens and Oalleoti on Spe¬ 
cies of Smilux. 11. Formula for fluid extract of Spnna. 12. O'Shaughnessy on Gurjum Balsam. 13. King- 
don on New preparation of Quinine. 

Medical Pathology and Thbrapbdtics and Practical Medicinb —14. Prus on Meningeal Apoplexy. 
15. Husson Communication hetvveeu the aorta and pulmonary artnry without Cyanosis. 16. Hass's remark¬ 
able case of ('yanosis. 17. Pritchardon the connection of losaiiity with diseases in the organs of physical 
life. 18 Fioravinte on new treatineiit of Sciatica. 19. Folz on Ulceration of the Appendix Vermifurmie. 
20. RrsdscAridrr Oil Rupture of the Trachea. 21. H’egrier on Epistaxis. 22. Her berg er on blood and urine 
in chlorotic subjects. 23, Black, on Tubercles and Phthisis. 24. Bondin on Antagonism of typhoid and in¬ 
termittent Fevers. 25. Taylor on double iatussuscepiion. 26. Mackenzie on Epidemic Remittent Fever 
which prevailed in Glasgow. 

Surgical Patholooy and Therapeutics and Operative Suroery.— 27. Debeney on abortive treatment 
of Gonorrlima, by the Nitrate of Silver, and on the employment of caustic injections at all stages of Urethri. 
tis. 28. Leroy d'Etiolles on Cancerous diatheses. 29. Douglas on Dislocation of the Femur—head of that 
bone oil the pubes,—fracture of the neck of femur. 30. Taton on Ovarian dropsy successfully treated with 
ioduret of Iron. 31. Mackesy on Amputation of the Leg—vessels so diseased as to preclude the use of liga¬ 
tures—recovery. 32. Syme on Disarticulation of the rainiis ot the lower Jaw, without opening the cavity of 
the mouth. 33. Lepine on Penetrating wound of the Abiloineii —Prolapse of the Stomach—Recovery. 34. 
Fife on Ununited Fracture of the Humerus—excision of the fractured extrendties—cure. 35. Purefoy on 
Trismus fiMovving the extraction of a tooth. .36. Cooper on l^xlirpatinii of an Ovarian Cyst. 37. Scoutetten 
on 'rracheolomy in the last stage of Croup. 38 O'Bryen on Diagnosis of Aneurism of the Aorta. 39. En- 
glekardt on Fibrous tumour mistaken for Aneurism. 40. Rufzon Painful affection of the breast 41. Dan- 
yean on Suture of the Perineum pe.rforined immediately after delivery. 42 Berard on Cure of encysted 'Pu- 
inours. 43. Segalas's remarkable case of Calculus. 44. Lenoir on Dislocation of the uBiiinominatum on the 
sacrum. 45 (?i^on on Polypi of the rectum in young children. 

Ophtralmoloot. —46. Maekenz'ie on Pnstfebrile Ophihalinitis. 47. Lavergne on Amaurosis from concus¬ 
sion of the retina. 48. Jlnsiaux on Foreign bodies in Hie Eye. 49. Ovepin on Foreign body in the Eye. 50. 
Estlin on Efforts of nature to form a pupil at llial point of the eye where it will be most iisefiil. 51. Oosselin 
on Anatomical researches on the excretory ducts of the lachrymal gland. 52. Domblutk on Cyst in the or¬ 
bital cavity. 

Midwifery. —53. Chailly Honori on Artificial rupture of the membranes to accelerate delivery. 61. Elk- 
on Contagiousness of Puerperal Fever. 55 Ouillon's New method of coiiipressiiig the aorta in uto- 
riiie heiiiorrhage. 56. Wilson on Extra uterine Fontntion. 57. Merman on Perforation of the bladder by mis¬ 
take during parturition. 58. Mondini on Absence of the uterus. 59. Kayser's Ctesarcan operation. CO. 
Vannonion Kiestine. 61. Simpson ou Uterine Sound. 

Medical Jurisprodenoe and Toxicology —62. Perforation of the intestine by Arsenic. 63. Mialhe on 
Action of hydrocyanic Acid and the alkaline cyanurets on Calomel. 64 Professional confidence. 65. Fit- 
laume on Malcoiiforiiiation of the Female Sexual Organs. 66. Sensibility and power of locomotion after 
severe injuries. 67. Death from Calomel and Blue Pill. 68. PandArsanef on Pregnancy in a Female who had 
never menstruated. 69. Orjila on Reiuscli’s process for detecting Arsenic. 70. Behrens on a new process 
for the absolute distinction and separation of Arsenic from Aiitiurony. 71. Z.ouy<t ou Cold affusion in poi¬ 
soning by Prussic Acid. 72. Recamier on Death from large doses of Quinine. 
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MEDICAL JOURNAL CONTINUED. 


Ambrioar iNTELLiasNOE.— Original Cnmmiinicaliona.—^cC^c/fon on Extirpation of the Parotid Gland. 
JS. BisscU'g CH»ea af Ovarian Disease, with remarks. JEve on Lithotomy—Bilateral nper.ntioii. with cases. 
TVacjton the Vegetalile Acids ns correctives of acidity of stomach. Ludlow's Notice of a new Flexible Ste¬ 
thoscope: Dodd's Improved Cupping Apparatus. Crowell's Unusual case of irregularity of the incisors and 
canine teeth of the superior jaw, remedied in seventy-six davs. 

Dumbstic Sommart. — Judkins' case of Ovarian Disease. Bedford on Vaginai Hysterotomy. 

X^ew Medical Works in preparation. 

Each Number contains 

ORIGINAL. ESSAYS. 


EXTENDED 


F^VIEWSOFTHENEW AND MOST IMPORTANT WORKS, 

‘ BIBLIOGRAPHICAL NOTICES, 

And a full Summary of Foreign and Domestic Intelligence, 

The publishers invite especial attention to this last department, which constitutes an important 
feature in this Journal, comprising the fullest 

RETROSPECT 


of the improvements and discoveries made in the Medical Sciences anywhere to be met with, de¬ 
rived not only from the 

BRITISH JOTRIVALSy 

but also from those of 


FRANCE, GERMANY, DENMARK, ITALY, THE EAST INDIES, 

and our own country. 

IIiIiVSTRATIOXrS ARE GIVEN WITH COLOURED PLATES, 

WOOD CUTS, &c. &c. 

when cases require them, and every effort will be made to improve the appearance of the work 
that it may continue to command the corihdence and patronage of the profession. 

TERMS. 

This Journal is published quarterly on the first of January, April, July and October, each num¬ 
ber containing at least 264 large and closely printed pages. Price FIVE DOLLARS a year, 
which if forwarded in advance and free of postage, will entitle the subscriber to “The Medical 
News” without charge. 

Early application should be made direct to the publishers. The subscription commences with a 
January number. 


THE IHEDICAL NEWS AND LIBRAR7 

FOR ONE DOLLAR A YEAR, PAYAHLE IN ADVANCE. 

LEA & BLANCHARD, Philadelphia, are publishing The MEDICAL NEWS AND LI¬ 
BRARY, a monthly periodical, of 32 or more large and closely printed fiages. It contains in addi¬ 
tion to the Miscellaneous Medical Intelligence, reports of Clinical Lectures, accounts of the dif¬ 
ferent Medical Schools and Hospitals, with notices of cases and oparations in those institutions, 
and various other matters of interest to practitioners. 

The Library is to comprise a series of I.«clure3 or works on the principal branches of Medical 
Science, and will constitute a complete Library for the student, and a useful work of reference to 
the practitioner. 

The price of the News and Library to subscribers is ONLY ONE DOLLAR A YEAR, and 
it will be sent gratuitously to all subscribers to the .Medical Journal who pay their subscription five 
dollars in advance. 

All remittances and orders must be sent free of postage, which can be done by the postmaster 
franking tlie letter. 

Any Physician, News Agent or Postmaster, can have a number of the News sent gratis, as a 
specimen, on application, free of postage. 


With a view of extending the circulation of the Jtmericnn Jonmal of the Medical Sciences, the 
publishers offer llie following inducemenut to NEW SUBSCRIBERS. Those who remit TEN 
DOLLARS shall receive The American Journal of Medical Sciences and .Medical News for the 
Two Years, 1844 and 1845, and in addition The Medical News and Library for the year 1843, 

They will thus obtain the first 264 pages of Watson’s Practice, which are embraced in the News 
for 1843, and will have tiKtt work completed in the News for 1844. (A new work will commence 
the year 1845.) 

The price of Watson’s Lectures on the Practice of Physio, complete, will be itself Three Dol¬ 
lars, and will form a volume of near 901) large pages. 

This liberal offer is made solely with a view of extending the circulation of the Journal, and to 
induce payments in ailvance, and will not be binding with the publishers after July next, or after 
the copies of the News and Library for 1843 now on hand are exhausted. To secure the advan¬ 
tages of this offer, remittances should he made early. 

As the News for 1844 will embrace about 600 pages of Watson’s Lectures and 96 of other mat¬ 
ters, subscribers are informed that the amount of Five Dollars for that and the Journal should also 
be remitted early this year—as the publishers reserve to themselves the right to decline furnishing 
them under Six Dollars, or the News separate for that year for Two Dollars unless so taken and 
paid for. 

This paper may be delivered to any physician if declined by the 
person to whom it is addressed or if they have removed—and Postmas¬ 
ters will particularly oblige the publishers by furnishing a list of the Phy¬ 
sicians of their county or neighbourhood In addition to the business it 
may bring to the office, a copy of “ Ned Myers” a Tale by Cooper will be 
sent gratis for any ten or more names lurnished free of cost. 




